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Architecture description Compilation Steps

Most CGRA compilers follow a standard flow: select loops to accelerate, convert them to an IR and then into a DFG, place and route operations onto the array

LLVM IR

A Coarse-Grain Reconfigurable Array (CGRA) is a highly versatile computational
architecture consisting of a collection of interconnected Processing Elements
(PEs). PEs are connected via a given topology, and the computation performed by
each PE can be configured at each cycle

Loop Selection DFG Extraction
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int runningExample(int x) ng: %5 = phi i32 [ 0, %1 1, [ %16, %4 ]
_ R { nge %6 = phi i32 [ 1, %1 1, [ %14, %4 ]
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= { W/ ‘ ne: %10 = and i32 %9, 1
éa ) 7 3 / \iLy #pragma cgra acc Ng: %11 = add 132 %8, %10 @
. v v v Register File for(int i = 0; i < 32; i++){ n.: %12 = 1lshr 132 %11, 1
S PE | PE [b| PE _g = n += x & 1; ng: %13 = add i32 %7, %11
2 { ] ] — 1] - X = X > 1; ng: %14 = add i32 %13, %6 @
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r Nl Nl ) I3 nip: %17 = icmp eq i32 %16, 32
 S— | 3 return n + z; nqig: br il %17, label %2, label %4

Modulo Scheduling

Modulo Scheduling is a compilation technique that optimizes the execution of a
loop body by executing multiple iterations of it in an interleaved manner.

Mapping Problem

Mapping a Data Flow Graph of a loop onto a CGRA means finding a feasible space-time allocation of the DFG nodes and edges that leverages the size and
topology of the device.
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GitHub: https://github.com/CristianTirelli/SAT-Maplt
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SAT-Maplt[1] is a SAT based CGRA compiler able to explore the full mapping space for a given iteration Constraint
interval. Placement, routing and scheduling are encoded in a Boolean formula, and a SAT solver is Loop DFG Schedule Generation
responsible of navigating the search space. It is designed to reliably find high quality mapping for CGRA Selection LLVM IR Extraction Generation e -

architectures and can be adapted to work with any kind of topology.
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Schedule Generation Constraint Generation Experimental Results

The mapping space is explored by creating an SAT formula that enforces three
different constraints encoding the following rules:

The schedule generation starts with the creation of two well know schedules: As-Soon-As-Possible (ASAP) and As- 2 X 2 CGRA

Late-As-Possible (ALAP). Then from those two, we generate the Mobility Schedule (MobS) which expresses the 14
mobility of each node. Lastly, a new custom schedule is created, the Kernel Mobility Schedule (KMS). 1. Each node in the DFG can be mapped only once 1(2) [[] RAMP/PathSeeker
2. Two nodes cannot be on the same PE at the same time 3 B SAT-Maplt
Time ASAP ALAP MobS . 3. Each node’s predecessor and/or successor must be assigned to a 6 = mil
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GitHub: https://github.com/CristianTirelli/MonoMap
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MonoMap|[2] is a new CGRA compiler designed to overcome the scalability limitations of SAT-Maplt. It introduces a
new decoupled mapping strategy that splits the mapping space in two dimension: temporal and spatial. Each
dimension can be explored independently, reducing the overall search complexity.

Spatial Search

Temporal Search Schedule

At this stage, the existence of a solution is guaranteed.
In our paper, we formally prove that if a schedule meets the specified

The temporal dimension is explored by creating an SMT formula that T=0 characteristics, a corresponding spatial solution must exist. T=0 o 12
enforces three different constraints on the schedule: . o
_ Monomorphism definition
1. Modulo Scheduling Constraints: . !
T=1 A monomorphism from a query graph G to a target graph T=1 e @ 10
Guarantees a valid temporal sequence for the operations M is a function f: V; — V}, that has two properties:
2. Capacity Constraints:  flisinjective
Prevents instruction overscheduling T=2 * Vi, vi€Egf(w),f(v)} € Ey T=2 Q 0 9) o
3. Connectivity Constraints: query target
- -
Ensures proper data routing T =3 Example of monomorphism, with T =3 ~
_ mapping:
(uz, V1), (U3, V), (Uy, V3), (Us, Vs)
o
Experimental Results
aes benchmark
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DFG Monomorphism AT CIR I mil Monomorphism AT CIR I mll Monomorphism AT CIR I mIl 8
Benchmark SAT-Maplt SAT-Maplt SAT-Maplt 2 3000
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aes 23 0.40 0.02 257 215 6.12 16 14 048  ~0.01 342.11 -341.63 705.38 16 14 0.48 0.013 TO - - 16 14 GE)
backprop 34 0.44 0.03 110.01 -10954 23307 10 9 0.13 0.11 112.80 -112.56 47000 5 5 0.14 0.024 TO - - 5 5 = 2000
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lud 26 007  ~0.01 045  -037 554 7 7 0.08  ~0.01 89.75 -89.66 1048.48 3 3 0.086  ~0.01 1321.66 -1321.56 1321660 3 3
nw 33 0.18  ~0.01 248 229 13.03 9 9 0.06 10.25 61.55 -51.23 597 2 2 0.068 0.15 981.69 -981.47 4503.17 2 2 CGRA SIZE (NXN)
particlefilter 38 0.12  ~0.01 1.67 -155 1347 10 10 0.37 70.34 451.48 -380.77 638 9 9 037  141.54 TO - -9 9
shal 21 0.05 0.43 027 021 056 6 6 0.14 0.03 195.86 -195.69 111920 4 2 0.12 0.036 TO - - 4 2
sha?2 25 0.07 ~0.01 0.60 -0.52 729 7 6 0.17 10.21 107.51 -97.13 1036 7 7 0.17 2.02 1585.18 -1582.99 72383 7 7 I T . . ] . .
stringsearch Yt 010 ~001 104 094 900 7 7 011 0.73 203.88 203.04 24271 3 3 011 0.61 310892 -310820 431794 3 3 [1] Crlsjclan Tirelli, Lo'renzo Ferrett_l, and Laura .P022| SAFMgplt. A SAT-based Modulo Schgdq{mg Mapper for Coarse Grain
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