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An Extension of Programming Language ML for CUDA
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Most GPGPU development environments are often provided as an exten-
sion of Programming Language C. These are reasonable solutions in the case
of making existing codes, that is written in C or C++, to be accelerated by
GPGPU with small efforts. But, productivity of development based on C or
its extension is lesser than modern language, and its optimization must be per-
formed by hand in the case of CUDA. In this work, we develop a compiler for
one of the modern languages, ML, that emits programs for CUDA. It aims to
solve the complexity of C-based programming. In this paper, we implemented
a compiler for CUDA that is based on MinCaml, that is a ML subset compiler
for educational purposes, and evaluated it.
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AL TR—R & L7z MinCaml 1345 T 2000 ITRRED 2 %7 Npar 4 ZThY,
2—FIZLLUERRS THD. 07, SEILEORBRFELEICHE L T\ 5. MinCaml
BATTET D ML OV Tty MIRF—r~y FRORET — 2R RN LTEY, ML &
L CIREEARBEO XM 258, BT — 2R b a2 R0 HT 2 & 2 ERE T 2505
DR — =y FIEEGMNE ZEH, GPU I — R VORI Wi, BRI T
TR & T L 7.
21 EMEXR
PArray GPU I CHREFTHESIZRKTT — 8. BI{EORKF T, int B & float RO I
ERFFCE 22 L1 L7, MinCaml @ Array 2SN 2R Z 35 2 & A AHRER
723, PArray TIX3 5 Z LR TER.

map, map! HDHEHE, FOREKOSIHEF UMD int B, float B F 721X PArray o
5% &Y, map HHE (B 14) %175 M%. map!ld, map O NN~ 9 T
H5. OCaml IZHWTIE, SIE—2x2 M5 E, BSl—D2>DH %D Array.map :
(’a->’b) -> ’a array -> b array &9 [RFEOBEENFIET .

reduce PArray |ZxF L, BI¥% 2025 BEEAEH S, reduce HHE (K 17/4) #1795
4. OCaml (28 TIX, Array.fold_left, Array.fold right &5 El72 & 9 72 e
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(* x, yl¥ float Z##7 % PArray *)
let xplusy = map add x y in (* (1) *)

let xplus3 = map add x 3 (* (2) *)

2 map OFF add [ZHETHIEIIA L 7 TH PArray Thiiben

T 5.

PMatrix, Matrix GPU I TITHI%%FT 57 — %8 PMatrix &, i & X325 CPU
DT — % B Matrix.

PGrid, Grid, PSpace, Space Grid I% 2 KJt®, Space I% 3 IRILD Array Th 5.
PGrid, PSpace iX3ZhZh*ticd 5 GPUHlOT —42BTH 5.
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THEITEX%. map, map!, reduce (2 S 5 BIEULT /A A THEOH S 312 BIE & b
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_ device__float
saxpy_12(float, float, float, int)

__global__ void __global__ void
saxpy_20_map_50_global saxpy_20_map_49_global
(float, float*, float, float*, int)| | (float, float*, float*, float*, int)

PArray<float> saxpy_20_map_50 PArray<float> saxpy_20_map_49
(float, PArray<float>&, float) (float, PArray<float>&, PArray<float>&) ﬁ
let r = map saxpy 3. xy yﬁ

@AL

3 HOE S5O map HENHDL L XD CH+Y—A

iét r2xs map saxpy 3. x 1.in

let rec saxpy a x y =
a*. x+.yin

let x = PArray.create 128 1. in

PArray.create 128 2. in

let y
r

let r = map saxpy 3. x y

4 GPU (X% SAXPY % ML T#HW =4

4.2 AN )LEOI—F

IR NED T— ROF ==~y RN EDRRENT D7D, ML 2B a1 )b
LizY—Aa—R&FTEN C - Thrust A7z C++TRZ%EOLEZFER L, 500000
[ SAXPY %175 R F~v—2 &{io7-. FE{7EEED CPU I Intel Core 2 Quad Q6700
2.66GHz, GPU % NVIDIA Tesla C1060, OS % CentOS 5.4 ThH o7z, XoFv—7fER
La— RNV RFE 1 ThD. R, FTTEVECERERVVMEREDa— RRHAHShT
W5 Z EDHERENT-. Thrust 28 ML, C ® 4 O FITHER L 2o TWDB R, ZDHbE
BUCEHREZIT> T D DL 20sec FREETH Y, AT U FR - SEAHELO A — N—~~y R
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_ void fill(float a, float* x, int N) {

__global_
int tid = blockIdx.x * blockDim.x + threadldx.x;
if(tid < N) x[tid] = a;

}

__global__ void saxpy(float a, float* x, float* y, float* r, int N) {
int tid = blockIdx.x * blockDim.x + threadldx.x;
if(tid < N) r[tid]

axx[tid]+y[tid];

}

void do_saxpy_plainc() {
int *x, *y, *r;
dim3 grid(1,1); dim3 block(128,1,1);
cudaMalloc ((void**)&x, sizeof (int)*128);
cudaMalloc((void**)&y, sizeof (int)*128);
cudaMalloc ((void**)&r, sizeof (int)*128);
£il1<<<grid, block>>>(1.0f, x, 128);
£ill<<<grid, block>>>(2.0f, x, 128);
saxpy<<<grid, block>>>(3.0f, x, y, r, 128);

cudaFree(x); cudaFree(y); cudaFree(r);

K 5 SAXPY % C T#W/=fl.

5. BEME

5.1 Haskell "—XDWHE

B ERED DIR LA W FNE ST 3 — R & AT 2220 % < A% Haskell % 535
52 LRV RENTNS. Lee b Haskell #E3E X Warp Speed Haskell'® 13, GPU
RWFIBREERT OT — WA ER L, THUHEMHO map, zipWith & W o8 EEZINZ 5 b

F£ 1 SAXPY OEnE#EL o— R4 X
ML C Thrust
SAXPY FEATHEH (sec) | 90.95 90.70 362.12
a— RH¥A X (bytes) 28085 18556 147172
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struct saxpy_functor {
const float a;
:a(la) {}

saxpy_functor(float _a)

__host device__

float operator() (const float& x, const float& y) const {

return a * x + y;

};
void do_saxpy_thrust() {
thrust: :device_vector<float> X(128, 1.0f), Y(128, 2.0f), R(128);
float A = 3.0f;
thrust::transform(X.begin(), X.end(), Y.begin(),
R.begin(), saxpy_functor(A));

return;

® 6 SAXPY % Thrust Z{f->7- C++4+TEWN=H.
saxpy-functor ®FEHEiX 16) 12X 5.

DTHD. 1) ITFF T a—RP=xL—2RnHY, LEIELTCUDA © C 55
V—2A%EHK L, CUDA 2234 T Tar A L LT=DOBICEIICr — R4 5 & 9 ke
A TND. ARBFZECIXEIN R 2 2 3 UERBUC LT D0, FFTW I25< F
N5 genflt LA T DR A — N Fa—o L VETET LIRS LRI CTHD.

Obsidian®® 1%, [ U< Haskell ICflASAE NIz — R = 7k S8 Lava®) OfE%
ZITTCWD. miFEED, "> LTS WO REEAWT, EEE SR EDED X
T T T IVITAZANERD. 17) ITHARD EREOMD VRIS FAIEETH D, T—
27a—7arZ7 I EITHIIIMNTNDED, — o7 7T MILTLbHE2DAX
A VTR,

Ypnos?? 13, FHEFEAFIC L ENOEEL SN2 Y v RICBT 23525 L
TWd. 77Uy RFEOEA L TWDEDE Y DART oV EBSHPOHEICERLZTE D
DBFETHD. ZHUCE VR LT < s E LT, T 9258, 94 75—
L, AUABFALTNERS D, £, BREFEOTEROD, lift LW 57V I7 1 7T H4E

(© 2010 Information Processing Society of Japan



e UB I e S

IPSJ SIG Technical Report
RINTWD. 2L, AROZY v FESERFMENOERO 7Y v FEERTHHOTH
5. 7Yy RICHEHT B LT, ZHNERTHS LHICRENTONDD, HR
S EEHFETICET DL IR T D, 22) TIHRE OHLAIT LV lift OFEHIZR A X
BN TW5. Orchard I35 B OEE LT, AL - TA vy v 2R ENES 7D v R
SORIEE R LTV D, FaxFREOREFHIE LTV PGrid, PSpace i3 Ypnos &2
TCRIEDBEADTZDIZASTWDA, 3L EDRT LV OFERITIREECH 572, ]
ODNDOXIRTT 4 XU BETHDLEZZTND

5.2 Intel Ct

Intel Ct (C for throughput computing)?® 1%, C/C4++%~_—2& LT, TVEC &9
T T L= b N=RDWS A T T E IS HBEE EALLLERETHD. VA —

RIZHFSEEICER S, BIfERREICSDETIIT 23/ 0vaind. TVEC IZR A b
AR THDH. E, BANIFOEERNLDOMEKT 7 EADHIZ, TEIL L5 RNFEAS
nTns

5.3 OCaml

OCaml Tix, CUDA @ APTICHT 5T v $%#< 77 r—F & LT Daml® L5 {H
ANDF =TV =ATa =y NPFET DM, AE D OBEET A AERIGD API
BTy THEBETEEESTEY, GPU I —x/MEEiR C& 220, F£72, 2008 412 A

EREBEICEHRSNTORY. T xOHMBIRY, Zo7 ez FOIEnIC ML IRESFET
GPGPU %47 2 RAIIAFAEL 720,

OCaml 2> BHIDEFHE~D 7 2 AL—FD—2IZ, OCamlIS* 13H%. Web 77 Y
r—3 a3 R Firefox JEIEMEREDBAFIZ JavaScript Tlid7Ze< OCaml 25 72D b7 &
L—#THY, JavaScript TIEEB TE RV a2 v A VO TF = 7 L OCaml J&30>Y —
NEDEHRETFRRIZL TS, R TIERL, BELE DN TVWDETE
L Rl e VAN

6. FLHESHRDFRE

AW TIE, GPGPUIZHIT D C Fif— A DS OMEM S OB 7-%, CUDA [A)iF

@fﬂ77A%ﬁﬁ¢5ML#7?y%mﬂyﬂ4§%ﬁﬁbt B SED e 7T
JUTETANRBRIC GPGPU IKEATE, C/CH+TEWLHA LY A7 T
B TEDHZLERLEE. /2, MLOY —ANLAERBEO Y —2a— KL, FTENWR%
D CEREOY—AZIANLLE, WHERA—N—~y RIFALGNRNWZ EEZR LT,
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A EIOSEETIEESNC K U map T 5%, SF 0 a M kX GPU h—xv 72 b
BERNORKEIZEE L TWARY. GPGPU Fu 27072kl 5 b 50 ESOREET
& DI ko HEMRIZA BT L7221 AU S22 W ERETH 5.

BIED PArray 13 int & float LT 5 Z &3 HE AW, A U R & OB % 250k
X0, tuple ZAEH L7ZBLAIR—D7 0 O FREEZST W r—2A03H 5 L, ZRTOEM%
KT DIZ PArray # R A b LTHEW Wb H D720, K 0BEMRT — 2 i L 2okt
T DEE~OK IS EHED T,

BI7E® PMatrix i CUBLAS 7 w R E S, TR a2 MFOHT ETomibidz S
TWgW, FEEROBEFE CITB A L < Bl s 23, CUBLAS X8 THINCRAL L 7- ke
ZRFTL IR\ ATHIDNE AR TAI e L, e 7o i i N @I 2 Hika B 2 Q&
VAR

B GPU &4 9 Z & R0T — ¥ OEREORSRIE fex i+ L TEETHS. F/2, Fermi
ﬁﬁ@GPUi@ﬁﬁ“X”%Hﬁiﬁf%é%%%%o._ﬂEiL@ﬂﬁ@%ku
THRICHRTE D L EZSNDDT, BIEFHED FE LT/,

A EOMFECTHE L 72983k 1X, CUDA I <KAFT 5 b D Tid/eniz®, OpenCL X
OpenMP & W ZBREEAITOR—T 4 VI BEGTHDH. BENHIUIEY MLA THIZ.
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