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Figure 1.1. Training and inference in machine learning
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Figure 1.2. Different types of processing in machine learning inference applications
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Figure 1.3. 2D convolution applying a weight kernel
to input data to calculate a value in the output map
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1 B ;3 AGU 0 is used for input data
2 ; AGU 1 is used for weights
3 3R ; setup AGU 0 for loading next 2Zx16-bit vector
4 SR ; setup AGU 1 for loading next 2xB-bit wvector
H oo
] LP lpend
7 DMACHEL 0, ¥agu_ul, ¥agu_ul ;
i lpend:
Figure 1.7. Assembly code generated from MLI C-code for a fully
connected layer with 16-bit input data and 8-bit weights
1 oo ; AGU 0 and AGU 1 are used for input data
2 ; (one data pointer with two modifiers)
3 ; AGU 2 is used for weighta
4 BR ... ; setup AGU 0 for loading next two 16-bit walues
5 5 ... ; setup AGU 1 for loading two 16-bit input waluas
& ; At mext row of input data
7 ER ... ; setup AGU 2 for loading nmext B-bit walue with
E] ; 8ign extension & replication
] ooo
10 LF lpend
1 VHACZHNFR 0, %aeu_ul, %agu_u? ;
12 VMACZHNFR 0, %aeu_ul, kagu_ul ;
13 VYHAC2HNFR 0, ¥agu_ul, ¥agu_u2 ;
1| lpend:

Figure 1.8. Assembly code generated from MLI C-code
for 2D convolution of 16-bit input data and 8-bit weights
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Figure 1.9. CNN graph of the CIFAR-10 example application



mli_krn_permute_fxB (kinput, Ekpermute_hwclchw_cfg, Eir_¥):

ir_X.el_paramse.fx.frac_bits = CONY1_OUT_FRAQL;

mli_krn_conv2d_chw_fzxB_kbEx5_strl_kropad (kir_ ¥, EL1_conv_wt,
kL1 _conv_b, &conv_cfg, kir_X);

mli_krn _mazpool _chw_fxB_k3x3(kir X, &pool_cfg, &ir_Y);

ir_X.el _paramse.fx.frac_bits = CONY2Z2_OUT_FRAQ;

mli_krn_conv2d _chw_fxB_kbEx5_strl_kropad (&ir_ ¥, &L2_conv_wt,
EL2 _conv_b, Econv_cfg, Ekir_X);

mli_krn_avepool _chv_fxB_k3x3d _kropad (kir_X, Ekpool_cfg, Eir_Y);

_OUT_FRAQ ;
npad (kEir_ ¥, EL3I_conv_wt,

ir _X.el_params.fx.frac_bits = CONY

mli_krn_conv2d_chw_fxB_kbExb_stri_k
EL3_conv_b, &conv_cfg, &ir_X);

mli_krn_avepool _chw_fxB_k3x3_krnpad (kir_X, Ekpool_cfg, Eir_Y);

3
r

ir_X.el _params.fx.frac_bits = FC4_OUT_FRAQ;
mli_krn_fully_connected fxB(kir ¥, kL4 _fc_wt, L& _fc_b, &ir_X);

ir_Y.el _paramse.fx.frac_bits = FCE_OUT_FRAQ;
mli_krn_fully_connected fxB(kir X, &LS_fc_wt, LG _fc_b, &ir_Y);

mli_krn_softmax_ fxB (kir ¥, Ekoutput);

Figure 1.10. ML/ code of the CIFAR-10 inference application
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Figure 2.1. Homogeneous multi-core processor (Firesmith 2017)



Figure 2.2. NVIDIA fermi GPGPU architecture (Huang et al. 2013)

FP16 or FP32

FP16

Coo Cos Coz Coa
Cip Cyy Gz Gy

Cop Coy Cpp G

Cip Gay Gz Gas
FP16 or FP32

Figure 2.3. Operation of a Volta tensor core (NVIDIA 2020)
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Figure 2.4. Numerical formats used in deep learning inference
(adapted from Gustafson (2017) and Rodriguez et al. (2018))
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Figure 2.5. Autoware automated driving system functions (CNX 2019)
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Figure 2.6. Application domains and partitions on the MPPA3 processor
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Figure 2.9. Local interconnects of the MPPA3 processor
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Figure 2.10. VLIW core instruction pipeline
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Figure 2.11. Tensor coprocessor data path
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Figure 2.12. Load-scatter to a quadruple register operand
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Figure 2.13. INT8.32 matrix multiply-accumulate operation

B =Woaork-item
Dimension = 1
Global work size = { 25 }

>,

EEEEEEEEEEEEEEN
IE ;

Local work size = { 5 }

Work-items are
= Idling PE executed in parallel

_ in work-groups
B = computing PE

Work-group  Work-group
Compute Compute
Cluster Cluster

Figure 2.14. OpenCL NDRange execution using the SPMD mode
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Figure 2.17. KaNN augmented computation graph
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Figure 3.1. Plural many-core architecture. Many cores, hardware accelerators
and multiple DMA controllers of I/O interfaces access the multi-bank shared
memory through a logarithmic network. The hardware scheduler dispatches

fine grain tasks to cores, accelerators and I/O
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Figure 3.2. Task state graph
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Figure 3.3. Many-flow pipelining: (a) Task graph and single execution of an image
compression program, (b) Many-flow task graph and its pipelined execution

Core # | State | Task# | Instance # | ... | ...

Figure 3.4. Core m anagement table
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Figure 3.5. Task management table
Figure 3.6. Core state graph

ALLOCATION

1. Choose a Ready task (according to priority, if specified)
2. While there is still enough scheduler capacity and there

are =till Idle cores

a. Identify an Idle core

b. Allocate an instance to that corae

c. Increase counter of allocated task instances

d. If # allocated instances == quota, change task state

to All Allocated and continue to next task (step 1)
e. Else, continue to next instance of same task (step 2)

TERMINATION
1. Choose a core which has sent a termination message
2. While there is still enough scheduler capacity
a. Change core state to Idle
b. Increment # terminated instances
c. If # terminated instances == quota, change task state
to Terminated
d. Recompute dependencies for all other tasks that depend
on the terminated task, and where relevant change
their state to Ready

Figure 3.7. Allocation (top) and termination (bottom) algorithms
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Figure 3.8. Plural run-time software. The kernel enables boot, initialization,
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networking and routing, error correction and management of applications
distributed over multiple Plural chips

Interrupt handling @
routine =

preernptiue High | coftware
Priority Task

@ event @ Dispatch
IDMhmpt @ task

APPLICATION
dequeues and uses data

Input
@ to @ Enqueue @

memaory
> ||l

Shared Memory

Figure 3.9. Event sequence performing stream input



E

i Event B
pesions| | pastel || Rocorer || Ferste,
P ) Program Profiler || (time stamp e

tuning fiocer Libraries
)
\ J
Simulation |Plural Cycle Simulator][hﬂany—mre Debugger
Parallel )

Programming |

Task Compiler J [F'

arallel Program Emulator

.

Compiler
tool chain

Compiler, ASM, Linker

Core Libraries

h

A

Figure 3.10. Plural software development kit

#define M 100

float A[MI[M], BIM][M], C[M][MI;
/% REGULAR #/
int mm_start ()
{

int ¥, j;

for (i=0; i < M; i++)

for{j=0; j < M; j++)
{ alil[j] 13; BLi1[j]

1
/% DUPLICAELE =/
void mm{unsigned int id)
{

int i, j, m;

float sum 0,

i id ¥ M;

j o= id / M;

for (m=0; m < M; m++)

sum += A[i]l[m] # Blml[jl;

Clilljl sum ;

}

/% REGULAR =/
int mm_end ()
{ printf (**finished mm'\n"}; }

2

Figure 3.11. Matrix multiplication code on the Plural architecture




#define M 100
#define MM 10000

regular mim_start()
duplicable mm{mm_start) MM
regular  mm_end{mm)

duplicable mm

r:;gl_l.-_u mm end

Figure 3.12. Task graph for matrix multiplication
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Figure 4.1. Overview of the ASIP pipeline with its vector ALUs and register file structure
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Figure 5.2. Proposed tile-based many-core architecture

(N-1) bits T bits F bits
Bit vector | Tag | Flags

5195 |7

(Mpax-1) bits

(a) A sparse directory structure with full bit-vector scheme

-2 100.0%

£

o BO00%G

£

= 60.0%

=

2

= d0,0%

‘g 20,004 # Tiles (N)

3 ol6 O32

2 o a4 M8
4 8 16 32 64 128 256 s12 W56 m512

w1024

Maximum Tiles in a Coherency Region (M)

(b) Plot of R for varying N and Mmax

Figure 5.3. Directory savings using the RBCC concept compared to global coherence



1) RBCC-malloc()

aa
aaa

malloc()
Configure
RBCC-malloc() Rﬂgin

10 i1

a
Operating System 2 ‘ 4
a

aaaa

3) Retumn pointer - Lf 41|67
F i F
FPGA Prototype
Figure 5.4. RBCC-malloc() example
AHB Slave AHB Master

Interface

Interface

Invahdation
Configuration Snoop Manager
Table Filter |
Decin
(st |
Manager

Snoop Unit

Management Unit

Figure 5.5. Internal block diagram of the coherency region manager

1,70

L0 B Snoop Unit-LUTs B Mgmit. Unii=LUTs
1,50% OFIFO-LUTs OFIFO-BRAMSs -
LA O Directory-LUTs ODircctory-BRAMs M
13025 o
12075

110% A
100G M

zation w.r.t Virtex7
Global Coherence

= 0,70%

=

gl 17710
505

L DA

=1

= DA

o 20

0,10%%

(AN

C

2Tiles 3Tiles 4 Tiles 5Tiles 6Tiles 7Tiles 8Tiles 9Tiles 10Tiles 11 Tiles 12Tiles 13 Tiles 14 Tiles 15 Tiles 16 Tiles

Figure 5.6. Breakdown of the CRM'’s resource utilization for increasing region size




1200
e donkeykong oo | spaceinvaders
E oo | T 'm ' With Background Traffic
I
= 800 Y | 1
g o H B L i T00 i I'IﬂT .‘E
E Ton | S0 u
g 6o 500 |
3 s : 400 :"I
400 i With Background Traffic ,,, I
T W B @m 3 B R E N B @3z 03 T @ B \wWE 3 B R B &0 B3 I
-— - L -~ Lt =+ -+ Ay wy = E=T — — « L] ” Lag’ - - Ay ry b= L=
Frame Count ==rbcc  ==mp Frame Count
Figure 5.7. Execution time per-frame: rbcc mode and mp mode
e . = rbee - Execution Time
= M Omp - Image Distribution Time
1000 p—— Omp - Image Processing Time
200 - i
- n m | [ e rhee trendline
PRI | I N —-.— mp trendline

=
2

-
2

Average Execution Time (ms)

di_rbee T .

0
E ':J |E|_|:-.I R E o |
14258 E2ESEDS !
g Do o 9 T s =

si_mp_m

si_mp_|

51 rthee x| T
T

pm_mp_s ===
m_thee_m ==

T
si rbec | E—

m_rbee T
pm_mp =01,
m_rhee_s ===—m:

P

pm_mp_m —T——r'
m_rbee | =——=1! i

pm_mp_| St :'5

m_rhee_x| T

si_mp_x1

pm_mp_xI

2
P

P
P

Figure 5.8. Breakdown of execution time for different clips with increasing background traffic

o O First Touch
é 1,2 RI Tille
.E . egion
=
208
& s 2 Tile
"E 4 Region -
Hoa ile
E Region
S02
s

0

blackscholes canneal

Figure 5.9. Normalized benchmark

O Most Accessed

Iy

swaptions

fluidanimate

execution time for different

coherency region sizes for both data placement techniques




In-/Near-Memory
Computing

_:—"'-'_'_‘_'-'_

"

Processing-In-
Memory (PIM)

_H_-_‘—\_\-‘\\_

—

—

[ Near-Memory Proces 5ingJ

/

Near-Memory
Acceleration (NMA)

] { Near-Memory Core J

Application Specific
NMA (AS-NMA)

\

Near-Cache
Accelerator (NCA) (1.5.4)

Figure 5.10. Taxonomy of in-/near-memory computing
(colored elements are covered in this section)

[(Core ] {(Com ]| [ {[Cone ] [(cone ]

]

1

oo o] [ o] f
CoCooooD b

L J

Figure 5.11. Architecture of the remote near-memory synchronization accelerator



Thread A Thread B

I
! © = Quens

Concurrent

=0
$" wo o] [0 [0 [O

Thread Thread D Thread 1  Thread2  Thread3  Thread 4

Figure 5.12. Queues are widely used as message passing buffers

o [ - &
Allecator Stack [+
Bounded Buffer [+ Bus
Payload BufTers @
Del
Elmgm
Hw
Scheduler
Data FSM
)
@ \SHARQ ™
Memory
(a) Queues in distributed memory system (b) Remote dequeue operation

Figure 5.13. Mechanism for a remote dequeue operation (right)
for queues in distributed memory systems (left)

o | I | I |
= St owa B — - o
=T [ —— - = —— = _
i i : — i =
é B | = _
% St _ o N i g
= I HDSWQ'.NMA Be SWQ'INMA
e 0= = i 7 = =5 T 7

G EP FT IS MG 1x1  2x1 2x2  4x4

Figure 5.14. NAS benchmark 4 x 4 results (left) and
IS scalability (right) for different system sizes



@

' ™y
&>
L A

‘.

PGAS MEM

Rel. execution tme

Rel. execution time

— —
s s L Ll
7 I ooswaanma
I I I
ST DR DS KC LCR HS DP MIS MST VC

{3 Ll E 3 2
U @ SW-interMemory B 8 NMA-interMe mory
T =T | l T | T T
BF DST DR DS LCR HS DP MIS MST VC

Figure 5.17. IMSuite benchmark results for inter-memory graph copy



Rel. execution tme

NMA-n

oNCA B B NMA-withNCA

Figure 5.18. Effect of NCA

Shared ‘ Message
Memory Passing
Programming

RBCC| : g
NMA g | v

Figure 5.19. Interplay of RBCC and NMA for shared and distributed memory programming

(a) IN, (b)

ouT gg =
Ve g
© o

Gate k Gate j Gate i

Figure 6.1. The MAGIC NOR gate. (a) MAGIC NOR gate schematic;
(b) MAGIC NOR gate within a memristive crossbar array configuration;
(c) MAGIC gates operated in parallel in a memristive crossbar
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Figure 6.3. The SIMPLE and SIMPLER flows. In both flows, the logic is synthesized to a
NOT and NOR netlist, using the ABC tool. Then, the flows are split into different mapping
methods. The SIMPLE flow optimizes the execution latency and maps onto several rows
in the memristive array. The SIMPLER flow optimizes throughput and maps onto a
single row in the memristive array
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NOT and NOR netlist, generated by the ABC tool. (b) SIMPLE execution sequence.
Each clock cycle is shown in a different color. The logic gates that operate in a clock
cycle are shown with the clock cycle color. (c) SIMPLER execution sequence. Green

cells are initialized, and orange cells are written with a new gate output value
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Figure 6.5. High-level description of the mMPU architecture. A program is executed
by the processor. The memory controller within the processor sends a command to
the mMPU controller (yellow arrow), which splits the command into micro-operations
(MAGIC NOR execution sequence). Then, in each clock cycle, the mMPU controller
executes a micro-operation by applying appropriate voltages on the bitlines and
wordlines of the memristive crossbar array (green and brown arrows). The command
vector length field indicates the number of wordlines participating in the command
calculation and operating in parallel
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Figure 6.6. The internal structure of the mMPU controller. First, an instruction is
sent from the processor to the mMPU controller and interpreted in the processor
in block. Then, it is sent for further interpretation in a suitable block (arithmetic,
SET/RESET/read or write), according to the instruction type. The output of these
blocks are the control signals, which are propagated to the memristive array bitlines
and wordlines. The output is then transferred to the processor out unit, which sends
it back to the processor
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Figure 7.1. Address translation for the ARMv7 architecture



Emulator Process ' Software MMU !

a | GVPMN: Guest Virtual Page Number
Virtual TLB | GPPN: Guest Physical Page Number
CVPN HVEN | HVFN: Host Virtual Frame Number
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Code .
Cache '

Shadow Guest Page Table
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Frames

Figure 7.2. Host view of the architected state of the guest

uint32_t ldr_helper (uint32_t addr) {
uint32_t hvpn;
uint32_t gppn;
// extract the guest virtual page number and offset
uint32_t gvpn = guest_virtual_page_number (addr);
uint32_t offset = guest_virtual offset(addr);
// access the wvirtual TLB, update if necessary
uint32 index = hash(gvpn) ;
if (virtual_tlb[index].key != gvpn) {
gppn = shadow_page_table_walk(cpu->ttb, gvpn);
hvfn = guest_physical_to_host_virtual (gppn);
HT[index] . entry = hvfn;
} else
hvfn = HT[index].entry;
// do the pguest memory access, reading the 32-bit value
return *(uint32_t#*)(hvfn + offset);

Figure 7.3. Pseudo-code of the helper for the Idr instruction




QEMU Binary Translation

Generated Host Code Slow Path Trampaline Code

cmpl (%rdi), tesli
movl Yebp, Yesi

1 jne Ox7£2234b234dd
11: addg Ox10 (brdi), %rsi
12: movl (%rail, %ebp

Cuoj : ta,
dcall slo
»ath or continue

{‘et data at host
virtual address

ﬁet ugJ 0: mevl Oxlz(%rld), %ebp O: mow rld,srdi Preparecfmhitectur |
virtua dsre.w 10 addl 54, sebe 1: mov Sel,ed: state and operation mdex
2: movl %ebp, bedi 2: lea -Gx'?ftirifl,‘ir:x #line 11 I'E:l.lPI‘IIa r:‘.:csgun
3t leal 3{trbp), tesl 31 mov $0x55f£c96Tadesd, ¥r10 i
'L'lrrua 4: shel §5, tedi 4: callg *&rl0 Call softmmu handler
index an 5: andl §0xfEEFF0D, Sesi 5: OV Yeax, bebp Retrieve and]erl‘eh.ll‘n
6 andl §0x1fel, vedi §: dimpe OxTradéfcasztz 4line 11 | VAIUC &N
- generate
74 leaqg OxZerO(%rld, %rdi), %Srdi

[ =

Figure 7.4. Qemu-generated code to perform a load instruction
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Figure 7.5. Embedding guest address space



Emulation Page Fault Guest Page Fault

call

call Softmmu

Code

host addr

return to
imulated

Figure 7.6. Overview of the implementation

QEMU Binary Translation Our Binary Translation

Guest code Guest code

ldr r3, [r7, #4] ldr 3, [x7, #4]

Generated Host Code Generated Host Code

e o
'j’gtﬁ]‘;;:l [ 0 mavi oxictsrla), tebs vl Oxlei¥sld), tebp 1| Get guest 08
address L1t addl abp : dl 54, %ebp J|virtual address
2: movl kebp, %edl v $oi, %rsi PTL'PHTU handler
3: lesl 3(%rbp), tesi 3: mov SMBA, Srdi arguments
a: L §5, sedi 4: mov (%ebp,drdi, 1), trx Exccute
5 L SOXEELE£c00, Yesi memary access
& S0x1fe0, ¥edi
0xZef0itrld, trdi), trdi
8 [trdi}, %esi
9 1 %ebp, %esi
10: dne  0x7£2234b234
11: addg 0x10(%rdi), ¥rsi
12: movl (%rsi}, %ebp

Slow Path Trampoline Code

¢ mov rl4, %rdi

mov S

. edx

lea -0x7£(%rip),%rcx #line 11
$0x535fc9iTadecD, $r10

a *3rlld

man

[:

mov %eax, vebp
: jmpy Dx7fad@fcdB202 #line 11

T R SR Y

Figure 7.7. Contrasting memory access binary translations



Data: pf: page fault information, including register values
Result: wupdate embedded guest mapping or forward fault to simulator
1 if isReadAecess() then
2 guest_addr + pf.addr — MBA
3 guest_phys_addr + guest _page table(guest_addr)
4 if is_valid(guest_phys_addr) then
5 host_virtual frame + gemu frame table(guest phys addr)
[ if host _virtual frame '= NULL then
7 setup_host _mmu_alias(pf.addr, host_virtual frame)
8§ return
9 end
10 end
1n end
12 pf.reglpe] + gemu_handler
13 return
Figure 7.8. Kernel module page fault handler
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Figure 7.10. Time spent in the Soft MMU
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Figure 7.11. Benchmark speed-ups: our solution versus vanilla QEmu
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Figure 7.12. Plain/hybrid speed-ups versus vanilla QEMU
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Figure 7.13. Number of calls to slow path during program execution (i386 and ARM summed)
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Figure 7.14. Page fault optimization speed-ups (ARM guest)
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percolated (note the logarithmic scale on the y-axis)
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int32_t array[1024];

i=1 j=3;
for(i=0;... for(i=0:.. forli=0;..
w=array[i].. w=array[i+16xj].. .... w=array[i+16xj] ..
Core Core 1 Core 2 Core 3
Interconnect
] ®@1024 @2048 @3072
Bank 0 Bank 1 Bank 2 Bank 4
@1023 @2047 @3071 @, ..

i=0 Array index array[0] array[16] array[32] array[48]

Mem. address @0 @éd @128 @192
Mem. bank 0 0 0 0
- A P —_

N

The 4 cores access the same bank

Figure 8.3. Example of collisions with four accesses to the same memory bank

11 10 1] 2 1 0
Bank Bank Word
Index Off=et Offzet

Figure 8.4. Description of memory address bits and their
usefor a 32-bit memory with four banks of 1 kB each



int32_t array[1024];

] = 1: I- 3;
for (i =0; ... for (i =0; ... for (1= 0; ..,
=array[i].. w=array[ i +16x]] ... w=array[i+16xj]..
core 0 Core 1 core 2 Core 3
Interconnect
| | | |

@0- @63 D44 - @127 @128- @191 @192- @255

@ 256 - @319 @320 - @383 (B30 - @l T (Eadal - @511
Bank O Bank 1 Bank 2 Bank 4

T o [ cored | core2 | Core3

array[48]
@192

i=0 Array index array[0] array[16]  array[32]
Merm. address @0 @64 @128
Mem. bank 1] 1 2
The 4 cores access different banks

Figure 8.5. Example of interleaving with
four accesses to different memory banks

11 4 3 2 1 0
Bank Bank | Word
Offset Index Offset

Figure 8.6. Description of memory address bits and their use for a
32-bit memory with four banks of 1 kB each with interleaving
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Figure 8.7. A four-bank architecture, 1-byte
words, with a 16-byte stride access pattern
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Address ¢
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Figure 8.8. A four-bank architecture, 1-byte words, with a 17-byte stride

Bank Bank
1 2 3 4 01 2 3
1 2 3 4 0] e
6 7 & 0 16 .
11 12 13 14 Address .
16 17 18 19 18 .

total 1 1 1 1

Figure 8.9. Left: the distribution of addresses within a 5-bank memory
system. Right: a 16-byte stride access pattern in this memory system
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Figure 8.10. Distribution of addresses across five memory banks with
Index = _Addr + Sinterleave_ mod 22

up address offset
N hits Address
n bits a: Effective address

apply hi.)

t— 1 bits — b Bank number

Ez;nk

Figure 8.11. Using a hash function for memory bank selection. N is the
address size, n is the address size without the offset byte, mis the
memory bank number size and h is the hash function used
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Figure 8.12. Left: an example of an H matrix of size 2 x 3,
Right: the same H matrix displayed as a grid
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Figure 8.13. Example of PRIM allocation in a four-bank architecture,
and four memory accesses with a 4-byte stride access pattern
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Figure 8.14. H matrix for the PRIM solution
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Figure 8.15. Complex Addressing circuit overview



Intel’s Complex Addresﬁing stage |

Figure 8.16. Intel Complex Addressing stage 1 and PRIM 67
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Figure 8.17. Overview of the Kalray MPPA simplified local memory architecture

1T i1 ing 14
sery || sers || serg || sery

arb arb,

&%&%

outy oute outz oufy

Figure 8.18. Kalray MPPA simplified crossbar internal architecture
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inté4 t array[512];

i=1 J=N;
for(i=0;.. for (i =0; ... for (i = 0;

..=array[i] ... w=array[i+16xj] .. w=array[i+16xj] ...
Core 0 Core 1 Core 2 Core 3
Interconnect
| | |

Bank O Bank 1 Bank 2 Bank M-1

Stride of

i=0 Array index array[0] array[16] array[32] array[48] 16x8B=128R
Mem. address @0 @128 @256 @384
MOD16 bank o 0 0 0 ¥~ The 4 cores access
MOD17 bank 0 9 1 10 " the same bank

i=1 Array index array[1] array[17] array[33] array[49]
Mem. address @8 @136 @ 264 @392 \
T i B g g o \,  The 4 cores access

e / different banks
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Figure 8.21. Comparison between MOD 16 and MOD 17 for
the same executable code and the same architecture
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Figure 8.22. Theoretical performance measure (in
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Figure 8.23. Hotmap of memory access efficiency according to the
number of banks and buffer size during random access patterns
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r HADDR
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Figure 9.1. A traditional synchronous bus, in this case the implementation of an
AMBA AHB bus, requires centralized arbiter and decoder logic (ARM 1999)




NoC Elements: Network Interface Units (NIL)
Function: Packetization
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Figure 9.2. Arteris switch fabric network (Arteris IP 2020)
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Figure 9.3. NoC layer mapping summary (Arteris IP 2020)




Figure 9.4. The NoC on the left has a floorplan-unfriendly
topology, whereas the NoC on the right has a topology
that is floorplan-friendly (Arteris IP 2020)
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Figure 9.5. Pipeline stages are required in a path to span a particular
distance given the clock period and transport delay (Arteris IP 2020)
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Figure 9.6. Single-event effect (SEE) error hierarchy diagram

(1S026262-11 2018b; JESD86A 2006)
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Figure 9.7. Failure mode effects and diagnostic analysis (FMEDA)
includes analysis of safety mechanisms, such as hardware unit
duplication and a built-in self-test (BIST) (Arteris IP 2020)

Fault reporting
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Figure 9.8. A cache coherent NoC interconnect allows the
integration of IP using multiple protocols (Arteris IP 2020)

X

Figure 9.9. NoC interconnects enable easier creation of hard macro tiles that
can be connected at the top level for scalability and flexibility (Arteris IP 2020)
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Figure 9.10. Hierarchical coherency macros enable massive
scalability of cache coherent system (Arteris IP 2020)
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Figure 10.3. An example of SCM structures (R = 4, C = 4)
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Figure 11.6. Reconfigurable architecture with
the proposed communication structure
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Figure 11.7. Hardware context switch scenario in the experiments
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