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Background on 2.5D Integration

Monolithic Chip 2.5D using Substrate 2.5D using Si-Bridges 2.5D using Si-Interposer

Package
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Motivation

Interconnect Latency and Throughput depend on:

"]

4]
IIII >
]

Placement first
Topology second

7 Topology first ;

PY Placement second
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PlacelT: Architecture
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PlacelT: Inferring Placement-Based Interconnect Topologies
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PlacelT: Cost Function

650 A
600 - r — o
@ PaADC0 o

550 1 «9e@amo o

QPUBUBO QUD B ©
500 - SO

(C_ 006 Ys cfaees)
450 +——r—— 1~

8 10 12 14
Cost

Cost
14

Throughput [%]

e e i
O ® O N B O ®©
1 1 1 1 1 1

Core-to-Core Cost

100 150 200 250

Latency [cycles]

14

12

10

8

Throughput [%]

Core-to-MemoryCost

100 A

80 -

60 A

40

100 200 300 400

Latency [cycles]

14

12

10

8

Throughput [%]

Core-to-10  Cost

100 A 14

80 12

60 - 10
40 . 8

100 200 300 400

Latency [cycles]

O espd

YW @spcl_eth

Throughput [%]

ETHzurich

Memory-to-10 Coit4

100 A

80 -

60

h.
ﬂ.'.q
et

® O
ee O

oo %
@
e @O
oo o)
) o

)
e aze an
o N
D(bo
o @D ©
o

g o

40

100 200 300 400

Latency [cycles]

12

10

8



aw—] o/ = B < IR .. ETHziirich

spcl.ethz.ch

Optimizing Chips with Heterogeneously Shaped Chiplets

32 cores Baseline Optimized by PlacelT
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8 s -K---f ------------------------------ . ' ' ' " " .CJCN“C\, /;/I
U 8.75 - l,;*.“_'“/" Best Random (BR) t 111 '\.;-;-‘-;/
.. L TTTTTY Y o . H . .C“C.C.c.l " C @l C @l C @l C .
0 M e e2ling (SA) . S _ S
8.25 | I | 1 l- -------- .!n!.!n!. .;“c“c‘. I ;..;.
42 & & B
0) 10 20 30 40 50 60 Viwcmcmcs” I I I
Runtime [min] Cost: 8.95 Cost: 8.19 Found by: SA
64 cores Baseline Optlmlfcze(iby.F:’I.a.c:e.IT .
9.25 , Fureuriutin T Npinagpimclt b
Baseline el 8 1 1 1 1 1 1,, o, ' .
900_ VcComcmcmcmcomcmcomcd 1 .’c/ C-C",
' Best Random (BR) \ o o o o o S o IO SN SRS AT
% 8.75 - e e e ) G W F_ 1 11 11, . s\;;a\ s\
S BRI e ——— I TS
. ] Smn. I e e P, s T sCEmCmCEMCEmCemCmCemcs cmcyl Cemc |
o 8 50 "s-.,_-“- SlmUIatedAnneaTing(SA) ,,.\3 $1 1 1 & 1 1 l,..,. ':t' l\;' “’l lf!. |
8.25 Genetic Algatithim (GAy ~~~~""=""" BT S T o e e IR E R AL
8.00 ' - ! ' ' R b TR + 7 | Sy

0 10 20 30 40 50 60 Jengengenye L o P

.:D:.:. el 1 O:O:Oiﬂio
Runtime [min] Cost: 8.70 Cost: 8.06 Found by: GA
8



e — L/ = B

Qe ETHzirich

spcl.ethz.ch

Evaluation using Full Traffic Trace

Homogeneous Chiplets Heterogeneous Chiplets
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Homogeneous Chiplets Heterogeneous Chiplets

Evaluation using Partial Traffic Trace Regions .

o
o o [ ® ¢ 00 o
® [
Homogeneous
32 cores 64 cores

blackscholes 4 92% 86% 88% 77% 79% 83% 93% 85% 82% 95% 96% 99% 109% 101% 98% | blackscholes 4 96% 93% 95% 82% 103% 102% 98% 88% 91% 106% 95% 91% 95% 93% 98%
bodytrack {90% 86% 89% 77% 79% 83% 76% 75% 69% 88% B81% 81% 101% 90% 90% bodytrack 4 94% 94% 97% 82% 103% 102%-110% 103% 96% 87% 91% 91% 83% 86%
canneal 490% 86% 89% 77% 79% 83% 98% 90% 89% 95% 85% 86% 104% 87% 87% canneal 494% 94% 97% 82% 103% 102% 94% 88% 92% 100% 95% 95% 89% 78% B87%
dedup {92% 86% 88% 77% 79% 83% -119% 122% 87% 86% 92% 75% 81% 87% dedup {96% 93% 95% 82% 103% 102% 97% 95% 107% 97% 93% 87% 90% 90% 104%
ferret 492% 86% 88% 77% 79% 83% 102% 94% 94% 95% 92% 88% 87% 74% 86% ferret 4 96% 93% 95% 82% 103% 102% 90% 87% 94% 97% B83% 88% 93% 82% B88%
fluidanimate 4 92% 86% 88% 77% 79% 83% B88% 83% 85% 85% 78% 82% 93% 82% 83%| fluidanimate 496% 93% 95% 82% 103% 102% 96% 91% 95% 97% 87% 88% 94% 84% 94%
Swaptions-QO% 86% 89% 77% 79% 83% 96% 91% 93% 84% 85% 81% 110% 101% 102% Swaption5-94% 94% 97% 82% 103% 102% 90% 93% 97% 77% 80% 80% 96% 89% 103%
vips 92% 86% 88% 77% 79% 83% 100% 92% 91% 80% 75% 78% 78% 68% 74% vips {96% 93% 95% 82% 103% 101% 95% 91% 93% 87% 80% 78% 97% 79% 85%

X264 490% 86% 89% 77% 79% B83% 81% 71% 71% 87% 84% 91% 108% 98% 96% X264 1 94% 94% 96% 82% 103% 102% 106% 85% 88% 98% 96% 98% 101% 89% 98%

T T T T T . T . T T T T . T T . T T T T . T . T T T T T T T

BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA

Region 1 Region 2 Region 3 Region 4 Region 5 Region 1 Region 2 Region 3 Region 4 Region 5

Heterogeneous
32 cores 64 cores

blackscholes 4 87% 89% 87% 92% 97% 92% 103% 100% 97% 100% 101% 108% 93% 98% 94% | blackscholes 489% 93% 80% 96% 96% 88% 106% 121% 101% 107% 117% 119% 106% 110% 95%
bodytrack {84% 87% 84% 92% 97% 91% -111% 126% 110% 106% 107% 89% 93% 89% bodytrack {85% 90% 79% 96% 96% 88% sz%-ss% 117%-115% 104% 111% 94%
canneal 184% 86% 84% 92% 97% 91% 95% 97% 95% 86% 85% 84% 89% 98% 92% canneal 4185% 90% 79% 96% 96% 88% 101% 106% 96% 98% 92% 89% 107% 108% 93%
dedup {87% 89% 87% 92% 97% 91% 79% 93% 78% B88% 94% 92% 98% 96% 100% dedup {89% 93% 79% 96% 96% 88% 122%-103% 94% 90% 97% 96% 81% B81%
ferret 187% 89% 87% 92% 97% 91% 95% 102% 98% 98% 99% 99% 89% 87% 87% ferret 189% 93% 80% 96% 96% 88% 102% 121% 101% 103% 116% 94% 92% 87% 84%
fluidanimate 487% 89% 87% 92% 97% 91% 89% 91% 88% 88% 89% 87% 91% 95% 92% fluidanimate 489% 93% 79% 96% 96% 88% 93% 93% 91% 95% 89% 87% 105% 106% 93%
swapti0n5-84% 87% 84% 92% 97% 91% 83% 88% B82% 99% 96% 101% 85% 91% 86% swaptions- 85% 90% 79% 96% 96% 88% 88% 93% 85% 101% 120% 96% 118% 113% 99%
Vips-B?% 90% 87% 92% 97% 91% 98% 101% 99% 91% 87% 94% 88% 82% 95% Vips- 89% 94% 80% 96% 96% 88% 103% 111% 99% 86% 93% 101% 86% 96% 97%
X264 184% 87% 84% 92% 97% 92% 104% 95% 100% 102% 106% 98% 87% 92% 87% X264 186% 90% 79% 96% 96% 88% 100% 109% 90% 98% 105% 92% 99% 105% 90%

1 1 I L) I ) 1 ) 1 I 1 1 I 1 1 1 1 1 ] 1 ) 1 I 1 1 1 1 ] 1 I

BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA

Region 1 Region 2 Region 3 Region 4 Region 5 Region 1 Region 2 Region 3 Region 4 Region 5
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Homogeneous Chiplets Heterogeneous Chiplets

Evaluation using Partial Traffic Trace Regions o o o e ® e

°® ®
Homogeneous
32 cores 64 cores

blackscholes 473% 80% 76% 65% 66% 66% 76% 79% 90% 77% 77% 74% 95% 96% | blackscholes 82% 79% 75% 74% 75% 75% 78% 80% 79% 80% 73% 80% 80% 80% 79%
bodytrack 472% 81% 75% 65% 66%-70% 72%-73% 76% 68% 85% 84% bodytrack {83% 81% 75% 74% 75% 75% 81% 99% 94% 72% 74% 66% 70% 68% 66%
canneal 4 72% 81% 75% 65% 66% 70% B83% B83% 74% 77% 76% 61% 80% 84% canneal 4 83% 81% 75% 74% 75% 75% 76% 77% 74% 79% 78% 78% 63% 64% 69%
dedup {72% 80% 76% 65% 66% 78% 100% 121% B82% 76% 72%_ dedup {81% 79% 75% 74% 75% 75% 94% 90% 85% 83% 77% 79% 87% 89% 92%
ferret 473% 80% 76% 65% 66% 67% 93% 86% 65% B82% 80% 81% 69% 71% ferret 481% 79% 75% 74% 75% 75% 78% 79% 72% 72% 72% 71% 77% 78% 77%
fluidanimate 473% 80% 76% 65% 66% 70% 75% 72% 68% 71% 71% 77% 75%| fluidanimate 481% 79% 75% 74% 75% 75% 82% B80% 79% 76% 74% 75% 72% 76% 74%
swaptions {72% 81% 75% 65% 66% 76% 83% 79% 64% 91% 80% 73% 99% 97% swaptions {83% 81% 75% 74% 75% 75% 85% 83% 77% 66% 64% 81% 80% 78%
x264 473% 81% 75% 65% 66%-66% 65% 64% 82% 82% 68% 01% B89% X264 482% 81% 75% 74% 75% 75% 71% 73% 68% 76% 81% 79% 78% 79% 77%

T T T T T I I I T T L] T T T T T T T I I T I T T T T T I

BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA

Region 1 Region 2 Region 3 Region 4 Region 5 Region 1 Region 2 Region 3 Region 4 Region 5

Heterogeneous
32 cores 64 cores

blackscholes 1 80% 76% 83% 89% 70% 83% 90% 79% 86% 98% 99% 89% 93% 74% 86%| blackscholes 487% 81% 93% 105% 101% 91% 114% 102% 104% 96% 102% 98% 108% 108% 96%
bodytrack {78% 74% 81% 89% 70% 83% 94% 88% 92% 96% 82% 93% 86% 71% 81% bodytrack {83% 78% 90% 105% 101% 91% 107% 107% 73% -116% 106% 102% 101% 100%
canneal 178% 74% 81% 89% 70% 83% 93% 79% 89% 90% 80% 85% 87% 72% 79% canneal 483% 78% 90% 105% 101% 91% 104% 100% 98% B87% 90% 90% 98% 95% 91%
dedup {80% 76% 83% 89% 70% 83% 78% 71% 87% 87% 88% 102% B84% 85% dedup {87% 81% 93% 105% 101% 91% -111% 114% 88% 90% 91% 93% 84% 85%
ferret 180% 75% 83% 89% 70% 83% 98% 80% 92% 99% B83% 90% 84% 77% 80% ferret 487% B81% 93% 105% 101% 91% 111% 104% 97% 100% 95% 101% B84% 94% 91%
fluidanimate 480% 75% 83% 89% 70% 83% 89% 84% 85% 83% 80% 81% 88% 73% 80%| fluidanimate 487% 81% 93% 105% 101% 91% 88% 91% 01% 84% B84% 091% 96% 95% 93%
swaptions {78% 74% 81% 89% 70% 83% 79% 73% 80% 94% 77% 85% 82% 67% 77% swaptions {83% 78% 90% 105% 101% 91% 89% 85% 94% 107% 109% 105% 113% 105% 108%
X264 {77% 74% 81% 89% 70% B83% B3% 73% 77% 88% 85% 93% 85% 71% 79% X264 -83% 78% 91% 105% 101% 91% 101% 93% 90% 95% 93% 95% 98% 97% 091%
—— T — T T T

BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA

Region 1 Region 2 Region 3 Region 4 Region 5 Region 1 Region 2 Region 3 Region 4 Region 5
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=

Toolchain Placement

Experiment
Configuration

Best Random (BR)
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More of SPCL’s research:

Topologies

° ¢ © ° _> Placement first
Topology second

il - s
Evaluation
Results
_> 7 Topology first
° Placement second
—_— Plots

Simulated Annealing (SA)

<+

« "R

Homogeneous Chiplets Heterogeneous Chiplets

Homogeneous

32 cores 64 cores

5% Bo% al% 10

Y e

blackscholes {525 as% ssw 77 79w 3w o3% asw 82% S5% 95w 99% 109% Lol% 93% | blackscholes | 96% 93% 95% 62% 193% 10

bodytrack {50% ad% sew TTH 794 B3N TOH TaG 0 ee% A% ALK 101% 90% 0% bodytrack {se% st a7 E2% mw,mw-nw 1035 $6% BT B3% a6%
canneal {s0% 85w s TR 79% 3w v 0% 9% S BSW 6% 100% 7% 7% canneal {a1 sin 9% E2% 103% 102% S BEE 92% 100% 95 8% a7
dedup {rn asn w 17e s o [EIREEER e oo o 788 mn 4 dedup {oe e 9% 8% 1o 102% 9 s 107 37N 9% o0 10
ferret 192% 36% 28% 77% 79% 83% 102% W% 4% 05 9% H8% BTN T4N A6% ferret 4 %6% 93% 95% 82% 193% 102% B7% 4% §7% B3% 2% 3N
fluidanimate {923 8s% 28% 77% 79% 8% BB% @3% 85% BS% 7A% 82% 3% @2% #3% | fluidanimate | %6% 93% 95% 82% 123% 102% o1% 95% 97% B7R Ba% 94%

SWADLIONS {905 5% s0% FM % B3 06k 1% 935 Ba SN 1% 110% 101% 02| swaplions {0t Den W e 103N 10m 00M 936 arn R BON BO% 96% EDS 1034
vips {57 g6 aEw 77R 7o o3 100% 9% % 0% S 0% 76% JGAR) T4 vips {55% o3 95% S2% 101m 100% s 1% 9% £ BUW 70 Sv T8 4%
X264 {90% 86w 4ok TTH Bo% 0% Gi% [TAGITI) 6% 4% 91% 108% 8% 6% X264 {24 045 96% % 103% 102% 106% B5% 8% G4% O0% 8% 101% BO% A%

BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA
Region1  RegionZ  Region3  Reglon4  Region 5 Region1  Reglon2  Region3  Reglon4  Region 5

Heterogeneous

32 cores 64 cores

blackscholes [6i% ao% &1% 52w 07 2% 103% 100w 97% 100% 10L% 106% 93% 995 99% | blackscholes JE9% 3% 80% Stw 06w 8a% 106% 208 101% 1079 1179 118 106% L10% %
bodytrack {84% a7% san o2 ov o1 [ B8R 110 106 207 Bon o3% % bodytrack {85% 00% 79% 6% oew asw 62 [ eave) 17 [ 15 100% 111% 4
canneal {Ba% Ao sm orw g O1% 5% % 4% BGW B 8% 9% uB A% canneal {Es% 0% 9% obs Gev. BN I01% 106% U6 SN SR AU% 107% 108% 93
dedup {87 89% &7% sw omx o1w 7o 93w 78% sEw oaw 92% sem 95w l00m dedup &% @3 , mﬁ-m 4% 00% 9% 96% BLE Al
ferret {87% 80m @1 E% 0 01% G5H 1003 8% GRW OOW 00% EDW BI% 279 ferret {0 o3s W L6 0% 82% BTR 846
fluidanimate {875 ao% a1 oo om 1% Bow siw amw mew o 76 S1% ssw 92% | fluidanimate {B9 3% 79% Sew G AN 3 93% G1% 95 B0 7% 105% 108% a3
swaptions {4 A7% 845 s ovN O1% IR AEW AIN B 0% 101w BSH 81% 80%|  swaptions {B¥ 00% 79% 66W Bow AN AR% 3% A3 101%30W o DI L13% aa

vips {o7h son a7 sz sww s1% sow 101w 9% S% BT 9 BE% BIE a3 vips {53 sa% @0% s sew 8% 103 111% 9 W 93w 101w BEN SeE 9T

X264 {84% 87% 24% 02% 97% 92% 104% 95% 100% 102% 106% 90% E7% 92% A7% X264 {86% 90% 79% 96% 06% 8% 100% 109% 90% 98% 105% 92% 99% 105% 90%

BR GA SA BR GA 5A BR GA SA BR GA 5A BR GA 5A BR GA SA BR GA 5A BR GA SA BR GA SA BR GA S5A
Region 1  Region2  Region3  Region4  Region 5 Region1  Region2  Region3  Reglon4  Region 5

blackscholes 4

Homogeneous Chiplets Heterogeneous Chiplets
[
]

Homogeneous
64 cores
blackscholes {25 79% 75% 7a% T5% 7a% 7% 80% 19% 80% 73% 0% 60%

T 8%

bodytrack 725 81% bodytrack {#3% 1% 75% 74% 5% 75% £1% oo o4 [72% 74% 6% 70% 68M-
canneal {72% 1% . % B3 83% 4% T canneal {83% 81% 75% 7a% T5% T75% TE% % 4% 79% 7A% TB%R
dedup 725 8% A 100w 100 B2 6% dedup {315 8% s T TSR 75N s o Bs R 7% S M BSd a2
ferret {735 20% 03 86% -52% ferret {81% 9% 75% 74% 7T5% 7% 7EW 9% 72% T2% 72% TIW 0% 78W 1%
fluidanimate - bTO% T3 T2% 68K 71N fluidanimate {81% 78% 75% 74% T5H 73% B2% 80% 7% To% T4% T5W 72% 7T6W Te%
swaptions - swaptions {83% 8% 5% TH% 7SR 7% 8SH A% TR a1 B0 TA%
x264 4 5% € - - ki 1% x264 {82% £1% TS% 70K TSR 75N MW 7IM gg?ﬁﬁ A% 79N T8N 10 TI%
BR BR GA SA BR GA SA BR GA BR GA BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA
Regionl  Region2  Region3  Regiond  Region 5 Regionl Region2  Region3  Regiond  Region 5
Heterogeneous
32 cores 64 cores
blackscholes JB0% 7% 3% 69w 0% B35 00w 16% 6% 8% 9o 9% 93w 4% Eb% | blackscholes {8/% 81% o3n 105% 101% 91 1146 102% 1005 96% L02% SE% 108% 108% 965
bodytrack 478% 74% 81% B89k J0% B3% 04% B8% 92% 96% E2% 9% 86 71% Bl% bodytrack 483% 78% 50% 105% 101% 91% 107% 107% n%-uw 106% 102% 101% 190%|
canneal {7B% 74% 8% Bo% 70% B3W 93% 78% 89% W% B0 85% BT 72 TN canneal 183% 78% S0% 105% 101% 01% 104% 100% 38% B7% 90% 0% 98% 95% 01%
dedup BN 76% A% Bo% 0% E3n A% TU% B7% BTH 8% 102% 84% BSH dedup {875 1% sz 105 101% 9o [ nne e wow e om e e
ferret {80% 75% 83% 80w J0% B3 08k BOW 02% 99% B3 00% B4W 7% BOW ferret {&7% 81% 634 1058% 101% 91% 1118 104% 07% 100% 95% 101% 84% 09% 01%
fluidanimate 480% 75% 83% Bo% 70% B35 89% B4% 85% 83% B0 31% BEW 73% BOW| fluidanimate {57% 81% &3% 105% 101% 91% 28% 81% 91% Bd4% 4% B1% 00% 93% 93%
swaptions {7E% 4% 8l% Bon 0% B3 7o% I ADN 4% TTH A% B2 67K TTH swaptions {B3% 78% 0w 105% 101% 91% 8% BS% 94% 107% L09% 105% 113% 105% 100%)
X264 1775 Taw Bl% Bow J0% 3% E3% 73% 7% HEN ESW 03% BEN 1% 78N X264 8% 7E% S1% 108 101% 91% 101% B3 90% DER 93N SEN 98N 99K BI%
BR GA SA BR GA SA BR GA SA BR GA S5A BR GA SA BR GA SA BR GA SA BR GA SA BR GA SA BR GA S5A
Regionl  RegionZ  Region3  Region4  Region 5 Regionl  Region2  Region3  Region4  Region5

youtube.com/@spcl
twitter.com/spcl_eth

github.com/spcl

... or spcl.ethz.ch
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1.4K+ Followers

4K+ Stars
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Optimizing Chips with Homogeneously Shaped Chi_plets | | |

32 cores homogeneous

32 cores Baseline Optimized by PlacelT

9.25 F— 'B_a_selirle _______________
9.00
4(;; 8 75 M-:-:-:-:-:-:-:-:-I .:-:-:. 1 M M 1 .:-:-:.
: . Best Random (BR) 1 1 11 111ni I 111111 1n1
8 8 50 1 LITTIIT] = ImCcCEmcCmcCmcCmcCmcamcmcmM OCEN CmCEmmCECECECEnCenCemco
- \ YT Ty o 11 8.1 1111 1 8.1 1 8.8 111
1 Annealmg(SA ......... B daaum M @ C ) C o C ) C e C g C ) C p C o | © C o C e C i C e C i C oy C ) C e C ) C @
825 1 . Genetic Algorithm (GA) DREERE BE B
0 10 20 30 40 50 60
Runtime [min] Cost: 9.06 Cost: 7.98 Found by: GA
64 cores homogeneous
64 cores
Baseline Optimized by PlacelT
9-50 [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
9.25 e i AR
% 9.00 - Best Random (BR) S S S S DO S S b 8
8 8-75 1% -§; ..... i ............................... * M-!-!-!-!-!-!-!-!-I o!o M-!. I-!-M .!-:-!-!.
“* mu ated Anneallng (SA) LLLE TP — \ ' ' . ' . . ' . ' [ ' ) ' () ' ~— ' '
- » mCmdiCmcmcCmcCmcCmcCmcmM PCmCmCmCmCcCmcCmCcCm| sCmco
8.50 Tt eeoeceeneooo......G€NetiC Algorithm (GA) S IS S R S S NS S B A o O % I €
8.25 ! ' T--------I&I& |-!-!-!-!-!-!-!-!-M .!-!-!-:-!-:-!-:-!-!.
0 10 20 30 40 50 60 atuiuiututuiotnt oottt sttt
Runtime [mln] Cost: 8.89 Cost: 8.24 Found by: GA 14
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Evaluation using Synthetic Traces

Homogeneous Chiplets Heterogeneous Chiplets

Latency relative to the baseline (lower is better)

C2C 1124% 123%. 112% 118% 117% 107% 111% 102% 108% 110% 116%

C2M 4 89% 86% 90% 95% 91% 92% 86% 87% 83% 93% 90% 91%

91% 84% 88% 99% 90% 96% 94% 90% 90% 94% 93% 93%

2_88% 11% 79% 87% 8l% 82% 92% 85% 81%

BR GA SA BR GA SA BR GA SA BR GA SA
32 cores homog. 64 cores homog. 32 cores heterog. 64 cores heterog.

Traffic Type
0
X

=<
)

Throughput relative to the baseline (higher is better)
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