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+Motivation +ldentify four common collective eLatte boosts frequency
Frequency decreases as design size scales out communication and computation pattern: Latte-optimized design improves timing of the
in HLS accelerators scatter, gather, broadcast and reduce. baseline by 1.50x with only 3.2% LUT overhead
Severe frequency degradation: res. freq. One-to-all or all-to-one on-chip data movement *30% chip resource, 200MHz -> 227TMHz o o,

*74% chip resource, 150MHz -> 189MHzH3Cj\Jj[:/>
*90% chip resource, 132MHz -> 175MHz ¢~

* 30% chip resource -> 200MHz

Wirelength scales up -> critical path delay
* 74% chip resource -> 150MHz /

Patterns are used in most, if not all, accelerators
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0 “#&: Ouch! Painful -> Latte How does Latte work?
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_[ Common Practice Accelerator ]_ | Chip Layout Look Like? | _[ Pipelined Transfer Controller (PTC) in Latte
B
B s ha— I local_key[OJKEY_SIZE] | o Scattered distribution of local buffers (PES) PTCs are chained in linear fashion through FIFOs.
| e —————ma e o _ _ Each PTC connects to a local set of buffers to
i o Ill .n[Nulmp:-:u i _ - Siermmel. HLS optimistically estimate memcpy() function constrain wire delay. local communication
Dl pe |[pe [[pe J[Pe |[ - |[Pe ], | ) broadene Y | wire delay without considering the locality of rom Ak ] NGNS S ee—
| : | | : s | T n_match[0..NumPE] from PEs : _— | PTesi—~(0 '_'lpTC#GN'l |
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B - (o) oL by = ol | oroly)—-Lome |
3 void app(int data_size, | cnt<= |
4 int lgjl)cg;lalbulfnfermt sglobal_out) { NumPE kernels i local_in[#i)[GS][BUF_IN_PER_PE} IocaI_in[#i][GS][BUF._IN_PER_PE]i
6 int local_in_A[NumPE] [BUF_IN_PER PE]; | ___(b)intermediate ptc_in #0..GN-2 | (c) boundary ptc_in #GN-1 |
7 int local_in_B[NumPE] [BUF_IN_PER_PE];
e mnon e 22, # memory partitioning BTTE | e, [ ]|
10 for (int i = 0; i < data_size/BUF_IN_ SIZE+1 it+) | :riq.-iqriqriq .-—ir—tr—ﬁ——— GS
11~ // double buffer PO LN el e flaafl L et pea o ™0 1
} lfbu(flfe/o:r:_zlo_a_d (Ol)oc{al_in_A, global_in+ixBUF_IN_SIZE); : \1- R/UXl_ '; Q _|M l_)r( - .
14 buffer_compute(local_in_]_B, local_out_B); : FIFO IN FIFO_OUT grOUP Size
i{; }lbuff{er_store(global_out+1*BUF_OUT_SIZE, local_out_A); i PTCHO _(:O_.I%-C Chammgat i i |n a group
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:(]) - }buffer store (global_out+ixBUF_OUT_SIZE, local_out_B); :\ NUX / \ M X / :
22 void buffer compute (intx* ocal_in, int« ocal_out : PTC #O cnt>C i o i+ :
24 ﬁgiabéﬁfiftHizoﬁnpiZIff;PE; w3 l 11:“6{0p unrolling | [imp] [firofsd | (frofsp—D PTtran _t’ 1!
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4[ Latte in HLS ]7 { Latte Automation } 4[ Latte is “Light Roast” |7
in HLS, 10x more than baseline code _ _ _
PTC in Scatter Code snippet U.sers insert simple Latte pragmas into user- 1.50x with 3.2% LUT, 5.1% FF on average
L #include <1'1ls_stream.h> ertten HLS kernel .
St focal in[GNI[GS][BUF_IN PERPE]; // redef. - 2.66x with 2.7% LUT, 5.1%FF at max
$, inc local in[GN][GS1(), intv global_in) { 260 -> 10 LOC, pragma indicates 1. buffers e by in { dearadati
‘5 ” las :m:ds reQém<aina>(uWi o) ; s, 1in Fig. a 3 - e s rea In re uenc e ra a Ion
7 pte.put(giobal in, £iforodys o] 2. pattern to be optimized pS greatly quency deg
8 for(int 1 = 0; i < GN-2; i++){
I:)) ptpct_ci—nl(n f(ifflof[oG[Nl—]ll] ,fllfooc;llJr_li]n' [GlNO—Cla]l)_ilrl e S patte rn varlable that nEEdS
11} e e .
12 void pto_put (ints global in, stream<int> &fifo)( optlmlzatlon linear layout of PTCs in gather pattern in FFT
e BT T 0 0 T BURLINEEREE I | #pragma latte Scatter var "local_in_B" with 64 PEs and 16 PTCs
:Q fifo << global_buf[i*BUF_IN_PER_PE+7j]; } 2 lnt local in B NumPE BUF_ N_PER_ P ;
Ié \}]Oid ptc_in( // #0..GN-2 ptc_in, in Fig. 7b

|9 stream<int>&fifo_in, stream<int> &fifo_out, Different PTC group Sizes (#GS) are IaunChed

20 int local_set[GS] [BUF_IN_PER_PE], int todo) {
21 int i, Jj, k; int tmp;

Baseline vs Latte

22 for(i= 0; i < GS; i++){ // to local first i I i i i [ Bench. [ type | N/GS [ LUT [ FF [ DSP [ BRAM | Freq. | '
5 for() = 0; ) < BUE_IN PERPE; It Best design configuration is picked = W
2 tmp = fifo _in.rea H Tatt 732 T.0T7 T.009 I I 165, 1.30
55 logal set[1]1[3j] = tmp; GS=4, 1.72x Perf, GS= 16, 1.58x Perf, FFT o, | 647 | 505% | 32% | 889% | T85% 5T
e — ! Tatte ! T.027 1.056 T T 152, 2.66x
26} } 2 1.27x Perf/Area, 1.46x Perf/Area, @ perf GEMM | on. | 3127 | 378% | 296% | 71.0% | 69.7% 131
27 for(k=0; k < todo; k++) // to next ptc 1.35x A 3 l 1.08x A Tatte 716 1044 | 0962 I T 207, T.58x
Q e 4 . 3 .DOJX Area UoX Aread KMP L 96 / 5.0% 3.0% 0.2% 52.3% 126
;‘? for(i= 0; 1 < GS; 1++){ oL 1.6 h - Perf/Area e 724 1085|1174 I T 195, T.54%
29 for(j = 0; Jj < BUF_IN_PER_PE; j++) { _ ] [ 515: ] — NW ori. 160 / 651% | 50.7% | 0.0% 782% 174
30 tmp = fifo_in.read(); @) 1.2 o o o s o 3 — — Tatte /g(} 09.99; 0.999; 81907 931207 177161(.)027(
2 : : . = S I S £ | B = | 1 I | B o | L 7 191% | 11.9% | 18.9% 2%
L fifo_out.write (tmp); "r_)c 0.8 3 & o o o - o o % i)artlte 76 1.029 1.037 I I 192, T.20x
52} '} - STENCIL | ori. 647 | 129% | 109% | 48.1% | S7.1% T4
33 0.4 - v o o o o o o - Tatte 716 1.094 T.139 I I I88, 1.33x
i g o g;;; - g g i VITERBI | or. 027 | 720% | 257% | 10.8% | 39.3% 135
Can we do better? Yes! o T s i
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