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PC PC

SMP

MPI(Message Passing Interface) PVM(Parallel Virtual Machine)
OpenMP[4]

PC RWC(Real World Computing)
2] PC Cluster Consortium[1] SCore
SCore PC oS Linux
PM 11
SCASH
PC
SCASH Omni OpenMP [5] PC
OpenMP
JPEG JPEG2000
[9,10] JPEG2000 JPEG

JPEG2000 SCore PC
OpenMP
2 SCore PC OpenMP
3 JPEG2000 4 SCore PC
JPEG2000 5 16
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2. PC OpenMP
2.1. PC
PC PC
Performance Computing)
HPC

HPC

PVM(Parallel Virtual Machine)

OpenMP(2.2. )
OpenMP LAN
1Gbps Gigabit
PC PC
RWC(Real World Computing)
Consortium SCore

[3] Myrinet2000
PC

HPC Lab.

Network

Server node

1

HPC(High
HA(High Availability)

MPI(Message Passing Interface)

100Mbps 100Base-TX

TCP/IP
OpenMP

PC Cluster

Myricom

Computation nodes : 16 nodes

Myrinet2000

Switch

2Gbps

Ethernet
Switch
100Base-TX
100Mbps

PC



1 SCore PC (Server node)

(Computation nodes)

PC
PC
PC 1
1 PC
CPU Pentium 111 (Katmai) 450MHz
512MB
100Base-TX
oS RedHat Linux 7.3
SCore SCore 5.2.0
1
2 PC
CPU Pentium 111 (Katmai) 500MHz
512MB
100Base-TX , Myrinet2000
(OS] RedHat Linux 7.3 + SCore PM
SCore SCore 5.2.0
16

100Base-TX(100Mbps)
2Gbps
Myrinet2000

SCore 2
Ethernet Myrinet NIC(Network Interface Card)

PC Linux OS SCore

SCore



Applications

User
level
Kernel
level
NIC
level
2 SCore
PM 11
Myrinet, Ethernet, UDP/IP,
Shmem(SMP ) PM Il API
SCore-D
SCASH
PM 11 DSM Distributed Shared Memory,
Omni OpenMP PC
OpenMP
SCore SCASH Omni OpenMP
( Omni-SCASH ) OpenMP



2.2. OpenMP

OpenMP[4,8]
(Fortran, C/C++) (directive)

OpenMP MPI, PVYM

A\

(incremental)

OpenMP
OpenMP 3 fork-join
fork-join ( ) (team)

(fork)
(join) fork-join

OpenMP (Sequential region)
(Parallel region)

fork

.\ ¥ VvV V.V join

Master

IR

.

3 OpenMP  fork-join



OpenMP 3 C/C++ Fortran OpenMP

3 OpenMP (C/IC++, Fortran)

C/C++ #pragma omp directive_name [clause, clause, ...]

Fortran | !$OMP directive_name [clause, clause, ...]

directive_name : , cClause:
3 directive_name ( ) parallel
barrier ordered clause
( ) schedule
shared,
private
OpenMP CIC++ 4 parallel
(C/IC++ )
#pragma omp parallel
{
. Parallel region
4 parallel (C/IC++ )
OpenMP C/C++
Fortran

#pragma omp parallel
» #pragma omp for . for (iteration)
» #pragma omp sections

#pragma omp parallel #pragma omp for

#pragma omp parallel for 5



#pragma omp parallel for [clause, clause, ...]

for (init-expr; var logical-op b; incr-expr) {

... Parallel region

5 parallel for (C/IC++ )
for for (canonical shape)
5 init-expr, var logical-op b,
incr-expr var b
init-expr
for break Omni-SCASH
return
for (clause) schedule
schedule for
schedule(kind[, chunk_size]) Kind 4
4 schedule
static chunk_size
chunk_size
1
dynamic | chunk_size
chunk_size 1

guided

chunk_size chunk_size 1

runtime OMP_SCHEDULE




3. JPEG2000

3.1. JPEG2000

JPEG2000(Joint Photographic Experts Group 2000)[9,10] 2000
JPEG JPEG2000
ISO/IEC 15444 (ITU-T Rec. T.800)
JPEG DCT Discrete Cosine Transform,
JPEG2000

DWT Discrete Wavelet Transform,
EBCOT(Embedded Block Coding with Optimized Truncation)

JPEG2000 2003 2 Partl Partll Part7
Part 5
5 JPEG2000
Part
Part 1 Core coding system JPEG2000 /
Part 2 Extensions Partl
Part 3 Motion JPEG2000 JPEG2000

Part 4 Conformance

Part 5 Reference software (JPEG2000
)

Part 6 Compound image file

format
Part 8 JPSEC (security aspects) JPEG2000
Part 9 JPIP (interactive protocols API
and API) JPEG2000 ( ROI )
(O]
JPEG2000
Part 10 | JP3D (volumetric imaging) 3
Part 11 | JPWL (wireless applications) PHS




JPEG JPEG2000

6 JPEG JPEG2000
JPEG2000
JPEG 30% 50%
(Part3)
(Part6)
(lossless)/ (lossy)
ROI
3
(Part8)
(Part8)
(Part8)
Lena
JPEG JPEG2000 1%
6 JPEG
JPEG2000 JPEG
JPEG2000
ROI(Regions Of Interest : JPEG2000, Partl, Annex H)
7 7
ROI ROI

ROI



JPEG JPEG2000

6 JPEG JPEG2000 ( 1%)

7 ROI
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11

( 6, 6, 7) JPEG2000 JPEG
JPEG
JPEG2000
JPEG2000 7
7 JPEG2000
J2k JPEG2000
.pgx
Jpc, .j2c 1SO15444-1(Partl, Annex A)
JPEG2000
.Jp2 1SO15444-1(Partl, Annex I) JPEG2000 JP2
JPEG2000
JPEG
Jpx 1SO15444-2(Part2) JPEG2000 JPX
JP2
.mj2 1SO15444-3(Part3) Motion JPEG2000 MJ2
Jpm 1SO15444-6(Part6) JPEG2000 JPM
JPX
.j3d 1SO15444-10(Part10) JPEG2000
J3D 3
JPEG2000
» JPEG2000
» JPEG2000
» JPEG2000




3.2. JPEG2000

JPEG2000 8 Reference grid
Reference grid (0, 0) ( ) (0, 0)
Reference grid (0, 0) XTsiz YTsiz
(tile)
numtiles 8 0
numtiles-1 (tileno) (XTsiz, YTsiz)
JPEG2000
RGB YCbCr 3
(colour component) ) 1
3
1 1 8 bits
(0, 0) < XTsiz > / Image area .

YTsiz

v \ Reference grid
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1. DC DLS : DC level shifting
2. MCT : Multi-Component Transform
3. DWT : Discrete Wavelet Transform
4, ONT : Quantization
5. EBCOT : Embedded Block Coding with Optimized Truncation
(lossy) 4,5
1.~5. ISO/IEC 15444 (ITU-T Rec. T.800)
4.1. JasPer[11]
DC (DLS)
( :R,G,B) ( )
8 bits 0 255
-128 127
(MCT)
RGB YCbCr (color space)
RCT(Reversible Color Transform)
ICT(Irreversible Color Transform)
(DWT)
PR UMDFB(Perfect-Reconstruction Uniformly-Maximally-Decimated Filter Bank)
YCbCr UMDFB
(filter transfer functions) (quantization operators) (gains)
integer-to-integer, real-to-real, UMDFB
5/3 97
UMDFB 1 (1-D UMDFB) JPEG2000
2 1-D UMDFB
2 2-D UMDFB
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(tile-component)

2-D UMDFB (subbands)
(lowpass) (LL) (highpass)(LH)
(HL) (HH) 4
R-1 LLRr-1, LHR-1, HLR-1, HHR1
LLr1 R-2 LLr-2, LHRr-2, HLR-2,
HHRg-2 LLo LL LL
(resolution
level) R
0 R-1 R
9
LLo
HLRr-2
HLRr-1
LHr-2 | HHR-2
LHRr-1 HHRr-1
9
(QNT)
(quantizer step size)
(integer mode) (real mode)
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(EBCOT)

(code block)

(bit-plane) MSB(Most
Significant Bit) LSB(Least Significant Bit)
8 bits 8
MSB (Significant bit-plane) Significance
propagation pass, Magnitude refinement pass, Cleanup pass 3

(adaptive binary arithmetic
coder) MQ
(packet)

JPEG2000 10

Read input data Divide image into tiles

tilenOOI DLS > mCT > DWT ’ ONT > EBCOT

t'IenolI DLS > mcT > DWT ’ ONT > EBCOT
|

t'Ien08I DLS > mcT > DWT ’ ONT > EBCOT
|

Write output data » end

10 JPEG2000
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4. PC OpenMP
JPEG2000
4.1.
JPEG2000 JasPer[11] C
Part 5) JasPer(
PC OpenMP Omni-SCASH
4.2.
C
malloc(), free()
Omni-SCASH
ompsm_galloc()
free()
DSM
ompsm_galloc()
11

omscmmm_malloc()

DSM

JasPer

JPEG2000

PC

(JPEG2000
1.600.0) SCore

(DSM)

ompsm_galloc()

Omni-SCASH

omscmmm_malloc(), omscmmm_free()

omscmmm_malloc(), omscmmm_free()

SCore

)

DSM

16

Omni-SCASH

JasPer



DSM
ompsm_galloc()

omscmmm_malloc()

omscmmm_malloc()

omscmmm_malloc()

omscmmm_free()

11 omscmmm_malloc() omscmmm_free()

JasPer
12 jas_malloc() jas_free()

omscmmm_malloc(), omscmmm_free()

void *jas_malloc(size_t size) void *jas_malloc(size_t size)
{ {
return malloc(size); return omscmmm_malloc(size);
} }
void jas_free(void *ptr) void jas_free(void *ptr)
{ {
free(ptr) omscmmm_free(ptr)
}

12 jas_malloc() jas_free()
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4.3. OpenMP

8, 10
OpenMP  #pragma omp parallel for

13
schedule schedule(runtime)
OMP_SCHEDULE

#pragma omp parallel for schedule(runtime)

for (tileno = 0; tileno < numtiles; tileno++) {

tileno

13 OpenMP

JPEG2000 14
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start > Read input data > Divide image into tiles
/' DLS ™ McT [ ”] DWT » QONT EBCOT\
tileno O
» DLS » mcT [ ® DWT » QNT EBCOT
tileno 1
Parallel region
> DLS ™ McT [ ”] DWT » QONT EBCOT
\ilenoS /
> Write output data > end
14 JPEG2000
14
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5.1.

SCore PC ( 1, 1, 2 8
8
1960x 1420
(PPM 8,643,617bytes)
(lossless)

50x 50, 100x 100, 150x 150, 200x 200, 250x 250

OMP_SCHEDULE

static, static,1, dynamic,1

15

= - A" Ll
e

[ ‘U!?.j |:

.

15
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5.1.1.

OMP_SCHEDULE static 50x 50, 100x 100, 150
x 150, 200x 200, 250x 250 JpP2 PPM
9, 16
1, 2, 4,8, 16
1 10, 18
9 JpP2
Jp2 [bytes] JP2/PPM [%]

50% 50 1,751,754 20.27

100x 100 1,519,118 17.58

150x 150 1,461,687 16.91

200x 200 1,434,243 16.59

250x 250 1,416,759 16.39

10 (OMP_SCHEDULE:static)

1 2 4 8 16
50x% 50 [sec] 47.28 25.02 13.43 7.42 4.33
1200 1.00 1.89 3.53 6.39 10.95
100x 100 [sec] 29.08 15.76 8.83 5.13 6.39
300 1.00 1.85 3.30 5.66 9.13
150x 150 [sec] 24.53 13.75 7.96 4.78 3.02
140 1.00 1.78 3.08 5.13 8.14
200% 200 [sec] 23.07 13.98 8.14 4.71 2.99
80 1.00 1.65 2.83 4.90 7.71
250x 250 [sec] 22.50 13.06 7.66 4.65 2.92
48 1.00 1.72 2.94 4.84 7.70
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5.1.2. OMP_SCHEDULE

50x 50 OMP_SCHEDULE static, static,1,
dynamic,1 1,2,4,8,16
11, 18
11 OMP_SCHEDULE ( 50x 50)
OMP_SCHEDULE
1 2 4 8 16
static [sec] 47.38 | 25.02 13.43 7.42 4.33
1.00 1.89 3.53 6.39 | 10.95
static,1 [sec] 4746 | 25.94 14.43 8.56 5.49
1.00 1.83 3.29 5.55 8.64
dynamic,1 [sec] 47.33 | 26.67 14.98 8.89 5.49
1.00 1.77 3.16 5.32 8.62
= 25
]
20 |
15 | —
= 10 [ B
ol
ol
< i -
N
o
I_>
S S S N S
N + PR G
2 $ § NN
v Vv
16 JP2/PPM
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——50x 50
—#—100x 100
150% 150
—>¢—200% 200
—¥— 250% 250

OMP_SCHEDULE

—&— static
—— static,1
dynamic,1

18 OMP_SCHEDULE
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5.2.

10
9, 16
(
)
VS
11, 18 OMP_SCHEDULE static static,1 dynamic,1
JPEG2000 ROI(Region Of Interest)
(lossy) dynamic,1
static,1
50%x 50
OMP_SCHEDULE static 16 11 JPEG2000
16 16
2.2. private malloc(), free()
JPEG2000
3.2. DC

OpenMP  #pragma omp parallel for
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PC OpenMP JPEG2000

SCore PC
omscmmm_malloc(), omscmmm_free()
JPEG2000
1 16

Motion-JPEG2000

25
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1. omscmmm_malloc(), omscmmm_free()

omscmmm_malloc.h

#ifndef OMSCMMM_MALLOC_H

#define OMSCMMM_MALLOC_H

[* prototypes */

void *omscmmm_malloc(unsigned int n_bytes);
void omscmmm_free(void *tofree_p);

void *omscmmm_realloc(void *ptr, size_t n_bytes);
void omscmmm_print_memusage(void);

void *omscmmm_malloc_local(size_t n_bytes);
void omscmmm_free local(void *ptr);

#endif

omscmmm_malloc.c

#include <stdio.h>

#include <stdlib.h>

#ifdef __ OMNI_SCASH__

#include <omp.h>

#define XMALLOC(x) ompsm_galloc((x), OMNI_DEST_NONE, 0)
#else

#define XMALLOC(x) malloc(x)

#endif

#include "jasper/omscmmm_malloc.h"

#include "jasper/jas_debug.h"

typedef double omscmmm_malloc_align_t; /* */

union omscmmm_malloc_header {
struct {
union omscmmm_malloc_header *ptr;/* */
unsigned int size;/* */
s
omscmmm_malloc_align_t x;/* */
3

typedef union omscmmm_malloc_header omscmmm_malloc_header t;
static omscmmm_malloc_header_t omscmmm_malloc_base;

static omscmmm_malloc_header_t *omscmmm_malloc_free_p = NULL;
* */

28



/* for debug */

static int ttl_n_units = 0; /* malloc */

static int cur_n_units = 0; /* malloc *

static int max_n_units = 0; /* malloc */

#define OMSCMMM_NUMALLOCSIZE 20*1024*1024 /* *
static

omscmmm_malloc_header _t*
omscmmm_moregalloc(unsigned int req_n_units)

{

}

omscmmm_malloc_header_t *up;
unsigned int n_units = 0;
static int xmalloced_flag = 0;

if(xmalloced_flag) {
printf("ERROR: moregalloc CALLED TWICE¥n");

exit(1);
}
if(req_n_units < OMSCMMM_NUMALLOCSIZE) {
n_units = OMSCMMM_NUMALLOCSIZE; /* *
}else {
n_units = req_n_units;
}

if((up=(omscmmm_malloc_header_t*)
XMALLOC(n_units*sizeof(omscmmm_malloc_header_t))) == NULL) {
return NULL; /* */
}else {
xmalloced_flag = 1;
up->s.size = n_units;
omscmmm_free((void *)(up + 1)); /* */
return omscmmm_malloc_free_p; /* */

}
return NULL;

void *
omscmmm_malloc(unsigned int n_bytes)

{

omscmmm_malloc_header_t *p, *prev_p;
unsigned int n_units = 0;

I* */
n_units=(n_bytes+sizeof(omscmmm_malloc_header_t)-1)
[sizeof(omscmmm_malloc_header_t) + 1;

if((prev_p = omscmmm_malloc_free_p) == NULL) {
/* ( ) */
omscmmm_malloc_base.s.ptr=omscmmm_malloc_free_p=prev_p

=&omscmmm_malloc_base;

omscmmm_malloc_base.s.size = 0;

29



}

ttl_n_units += n_units;

Cur_n_units += n_units;

max_n_units = (cur_n_units > max_n_units) ? cur_n_units : max_n_units;

JAS DBGLOG(5,("::::::total:%d,max:%d,cur:%d::::::¥n",
ttl_n_units*sizeof(omscmmm_malloc_header t),
max_n_units*sizeof(omscmmm_malloc_header _t),
cur_n_units*sizeof(omscmmm_malloc_header_t)));

[* (first-fit) */
for(p = prev_p->s.ptr; ; prev_p =p, p = p->s.ptr) {
if(p->s.size >=n_units) { /* */
if(p->s.size == n_units) { /* */
prev_p->s.ptr = p->s.ptr;
}else { /* */

p->s.size -= n_units;
p += p->s.size;
p->s.size = n_units;

}

omscmmm_malloc_free_p = prev_p;

return (void *)(p + 1); /* */
}

if(p == omscmmm_malloc_free_p) { /*
if((p = omscmmm_moregalloc(n_units)) == NULL) {
printf("ERROR: CANNOT ALLOCATE MEMORY.¥n");
exit(1);
return NULL; /* */
}
}
}
}

void

omscmmm_free(void *tofree_p)

{
omscmmm_malloc_header_t *bp, *p;
unsigned int n_units = 0;

I* *
bp = (omscmmm_malloc_header_t *)tofree_p - 1;
n_units = (bp->s.size < OMSCMMM_NUMALLOCSIZE) ? bp->s.size : 0;
cur_n_units -= n_units;
for(p = omscmmm_malloc_free_p; !(bp > p && bp < p->s.ptr); p = p->s.ptr) {
if(p >= p->s.ptr && (bp > p || bp < p->s.ptr)) {
break; /* *
}
}
if(bp + bp->s.size == p->s.ptr) { /* */
bp->s.size += p->s.ptr->s.size;
bp->s.ptr = p->s.ptr->s.ptr;
}else {
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bp->s.ptr = p->s.ptr;

}

if(p + p->s.size == bp) { I* */
p->s.size += bp->s.size;
p->s.ptr = bp->s.ptr;

}else {
p->s.ptr = bp;

}

omscmmm_malloc_free_p = p; /* *
}
void *
omscmmm_realloc(void *ptr, size_t n_hytes)
{

omscmmm_malloc_header_t *pre_p, *p;
unsigned int pre_n_units, new_n_units, cpy_n_units;

pre_p = (omscmmm_malloc_header_t *)ptr - 1; /*
pre_n_units = pre_p->s.size; /*
I* */
new_n_units=(n_bytes+sizeof(omscmmm_malloc_header_t)-1)
/sizeof(omscmmm_malloc_header_t)+1;
I* */
CpYy_hN_units = (pre_n_units < new_n_units) ? pre_n_units : new_n_units;
I* */
if((p = omscmmm_malloc(n_bytes)) == NULL) {
printf"ERROR: CANNOT ALLOCATE MEMORY.¥n");
exit(1);
return NULL; /* */
}
I* */
memcpy(p, ptr, cpy_n_units * sizeof(omscmmm_malloc_header _t));
I* *
omscmmm_free(ptr);
return (void *)p;

}

void
omscmmm_print._memusage(void)
{
printf("::::::total:%d, max:%d, cur:%d::::::¥n",
ttl_n_units*sizeof(omscmmm_malloc_header t),
max_n_units*sizeof(omscmmm_malloc_header _t),
cur_n_units*sizeof(omscmmm_malloc_header _t));
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jpc_enc_encodemainbody()

static int jpc_enc_encodemainbody(jpc_enc_t *enc)
{

int tileno;

int numtiles;

jpc_enc_t **encs;

double sec;

numtiles = enc->cp->numtiles;
if(!(encs = (jpc_enc_t **)jas_malloc(numtiles * sizeof(jpc_enc_t)))) {
ERROR(); return -1,
}
for(tileno = 0; tileno < numtiles; tileno++) {
if(!(encs[tileno] = jpc_enc_copy(enc))) {
ERROR(); return -1;
}
if (/(encs[tileno]->tmpstream = jas_stream_memopen(0, 0))) {
ERROR(); return -1;
}
}

sec = second();

#pragma omp parallel for schedule(runtime)
for (tileno = 0; tileno < numtiles; ++tileno) {

[* int tilex; */
[* int tiley; */
inti;
jpc_sot_t *sot;
jpc_enc_tcmpt_t *comp;
jpc_enc_tcmpt_t *endcomps;
jpc_enc_band t *band;
jpc_enc_band_t *endbands;
jpc_enc_rivl_t *Ivl;
int rlvino;
jpc_qgcc_t *qcc;
jpc_cod_t *cod;
int adjust;
int j;
int absbandno;
long numbytes;
long tilehdrlen;
long tilelen;
jpc_enc_tile_t *tile;
jpc_enc_cp_t *cp;
double rho;
uint_fast16_t lyrno;
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uint_fastl6_t cmptno;
int samestepsizes;
jpc_enc_ccp_t *ceps;
jpc_enc_tcep_t *teep;
int bandno;
uint_fast32_tx;
uint_fast32_tvy;

int mingbits;

int actualnumbps;
jpc_fix_t mxmag;
jpc_fix_t mag;

int numgbits;

cp = encsltileno]->cp;
/* Avoid compile warnings. */
numbytes = 0;
#if O
tilex = tileno % cp->numhtiles;
tiley = tileno / cp->numhtiles;
#endif
if (!(encs[tileno]->curtile
=jpc_enc_tile_create(encs]tileno]->cp,encs]tileno]->image, tileno))) {
ERROR(); abort();
}
tile = encsltileno]->curtile;
if (jas_getdbglevel() >= 10) {
jpc_enc_dump(encsltileno]);
}
endcomps = &tile->tcmpts]tile->numtcmpts];
for (cmptno = 0, comp = tile->tcmpts; cmptno < tile->numtcmpts; ++cmptno, ++comp) {
if (Icp->ccps[cmptno].sgnd) {
adjust = 1 << (cp->ccps[cmptno].prec - 1);
for (i = 0; i < jas_matrix_numrows(comp->data); ++i) {
for (j = 0; j < jas_matrix_numcols(comp->data); ++j) {
*jas_matrix_getref(comp->data, i, j) -= adjust;
}
}
}
}
if ('tile->intmode) {
endcomps = &tile->tcmptsltile->numtcmpts];
for (comp = tile->tcmpts; comp != endcomps; ++comp) {
jas_matrix_asl(comp->data, JPC_FIX_FRACBITS);
}
}
switch (tile->mctid) {
case JPC_MCT_RCT:
assert(jas_image_numcmpts(encs[tileno]->image) == 3);
jpc_rct(tile->tcmpts[0].data, tile->tcmpts[1].data,
tile->tcmpts[2].data);
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break;

case JPC_MCT_ICT:
assert(jas_image_numcmpts(encs[tileno]->image) == 3);
jpc_ict(tile->tcmpts[0].data, tile->tcmpts[1].data,

tile->tcmpts[2].data);

break;

default:
break;

}

for (i = 0; i < jas_image_numcmpts(encsltileno]->image); ++i) {
comp = &tile->tcmptsii];
jpc_tsfb_analyze(comp->tsfb, ((comp->gmfbid == JPC_COX_RFT)
? JPC_TSFB_RITIMODE : 0), comp->data);
}
endcomps = &tile->tcmpts]tile->numtcmpts];
for (cmptno = 0, comp = tile->tcmpts; comp != endcomps; ++cmptno, ++comp) {
mingbits = 0O;
absbandno = 0;
/* All bands must have a corresponding quantizer step size,
even if they contain no samples and are never coded. */
/* Some bands may not be hit by the loop below, so we must
initialize all of the step sizes to a sane value. */
memset(comp->stepsizes, 0, sizeof(comp->stepsizes));
for (rlvino = 0, Ivl = comp->rlvls; rlvino < comp->numrlvls; ++rlvino, ++Ivl) {
if (!lvl->bands) {
absbandno +=rlvino ? 3: 1;
continue;
}
endbands = &lvl->bands[lvl->numbands];
for (band = Ivl->bands; band != endbands; ++band) {
if (lband->data) {
++absbandno;
continue;
}
actualnumbps = 0;
mxmag = 0;
for (y = 0; y < jas_matrix_numrows(band->data); ++y) {
for (x = 0; x < jas_matrix_numcols(band->data); ++x) {
mag = abs(jas_matrix_get(band->data, y, X));
if (mag > mxmag) {
mxmag = mag;
}
}
}
if (tile->intmode) {
actualnumbps = jpc_firstone(mxmag) + 1;
} else {
actualnumbps = jpc_firstone(mxmag) + 1 - JPC_FIX_FRACBITS;

}
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numgbits = actualnumbps - (cp->ccps[cmptno].prec - 1 +band->analgain);
if (numgbits > mingbits) {
mingbits = numgbits;
}
if (Itile->intmode) {
band->absstepsize=jpc_fix_div(jpc_inttofix(1<<(band->analgain+1)),
band->synweight);
}else {
band->absstepsize = jpc_inttofix(1);
}
band->stepsize = jpc_abstorelstepsize(band->absstepsize,
cp->ccps[cmptno].prec + band->analgain);
band->numbps = cp->tccp.numgbits + JPC_QCX_ GETEXPN(band->stepsize) - 1;
if (('tile->intmode) && band->data) {
guantize(band->data, band->absstepsize);
}
comp->stepsizes[absbandno] = band->stepsize;
++absbandno;
}

}
assert(JPC_FIX_FRACBITS >= JPC_NUMEXTRABITS);

if (Itile->intmode) {

jas_matrix_divpow2(comp->data, JPC_FIX_ FRACBITS - JPC_NUMEXTRABITS);
}else {

jas_matrix_asl(comp->data, JPC_NUMEXTRABITS);

}

}

if (mingbits > cp->tccp.numgbits) {
printf( "error: too few guard bits (need at least %d)¥n", mingbits);
ERROR();
[*return -1; */

}

[* Write the tile header. */

if (!(encs[tileno]->mrk = jpc_ms_create(JPC_MS_SOT))) {
ERROR();
[*return -1; */

}

sot = &encsJtileno]->mrk->parms.sot;

sot->len = 0;

sot->tileno = tileno;

sot->partno = 0;

sot->numparts = 1;

if (jpc_putms(encstileno]->tmpstream, encs|tileno]->cstate, encstileno]->mrk)) {
printf( "cannot write SOT marker¥n");
ERROR();
[* return -1; */

}

jpc_ms_destroy(encs[tileno]->mrk);

encs[tileno]->mrk = 0;

tccp = &cp->teep;
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for (cmptno = 0; cmptno < cp->numcmpts; ++cmptno) {
comp = &tile->tcmpts[cmptno];
if (comp->numrlvls != tccp->maxrivis) {
if (!(encs[tileno]->mrk = jpc_ms_create(JPC_MS_COD))) {
ERROR();
[* return -1; */
}
[* XXX = this is not really correct. we are using comp #0's precint sizes
and other characteristics */
comp = &tile->tcmpts[0];
cod = &encsJtileno]->mrk->parms.cod;
cod->compparms.csty = 0;
cod->compparms.numdlvis = comp->numrlvls - 1;
cod->prg = tile->prg;
cod->numlyrs = tile->numlyrs;
cod->compparms.cblkwidthval = JPC_COX_CBLKSIZEEXPN(comp->chlkwidthexpn);
cod->compparms.chlkheightval=
JPC_COX_CBLKSIZEEXPN(comp->cblkheightexpn);
cod->compparms.chlksty = comp->cblksty;
cod->compparms.gmfbid = comp->gmfbid;
cod->mctrans = (tile->mctid = JPC_MCT_NONE);
for (i = 0; i < comp->numrlvls; ++i) {
cod->compparmes.rivis[i].parwidthval = comp->rlvis[i].prcwidthexpn;
cod->compparmes.rivis[i].parheightval = comp->rivis[i].prcheightexpn;
}
if (jpc_putms(encs[tileno]->tmpstream, encs[tileno]->cstate, encs[tileno]->mrk)) {
ERROR();
[* return -1; */
}
jpc_ms_destroy(encs[tileno]->mrk);
encs[tileno]->mrk = 0;
}
}

for (cmptno = 0, comp = tile->tcmpts; cmptno < cp->numcmpts; ++cmptno, ++comp) {
ccps = &cp->ceps[cmptnol;
if (ccps->numstepsizes == comp->numstepsizes) {
samestepsizes = 1,
for (bandno = 0; bandno < ccps->numstepsizes; ++bandno) {
if (ccps->stepsizes[bandno] != comp->stepsizes[bandno]) {
samestepsizes = 0;
break;
}
}
} else {
samestepsizes = 0;
}
if (Isamestepsizes) {
if (I(encsltileno]->mrk = jpc_ms_create(JPC_MS_QCC))) {
ERROR();

36



[* return -1; */
}
gcc = &encstileno]->mrk->parms.qcc;
gcc->compno = cmptno;
gcc->compparms.numguard = cp->tccp.numgbits;
gcc->compparms.gntsty = (comp->gmfbid == JPC_COX_INS) ?
JPC_QCX_SEQNT : JPC_QCX_NOQNT;
gcc->compparms.numstepsizes = comp->numstepsizes;
gcc->compparms.stepsizes = comp->stepsizes;

if (jpc_putms(encs[tileno]->tmpstream, encs[tileno]->cstate, encs[tileno]->mrk)) {

ERROR();
[* return -1; */
}
gcc->compparms.stepsizes = 0;
jpc_ms_destroy(encs[tileno]->mrk);
encs[tileno]->mrk = 0;
}
}

[* Write a SOD marker to indicate the end of the tile header. */
if (!(encs[tileno]->mrk = jpc_ms_create(JPC_MS_SOD))) {
ERROR();
[* return -1; */
}
if (jpc_putms(encs[tileno]->tmpstream, encs|tileno]->cstate, encs|tileno]->mrk)) {
printf( "cannot write SOD marker¥n");
ERROR();
[* return -1; */
}
jpc_ms_destroy(encs[tileno]->mrk);
encs[tileno]->mrk = 0;
tilehdrlen = jas_stream_getrwcount(encs][tileno]->tmpstream);
if (jpc_enc_enccblks(encs]tileno])) {
abort();
ERROR();
[*return -1; */
}
cp = encsltileno]->cp;
rho = (double) (tile->brx - tile->tIx) * (tile->bry - tile->tly) /
((cp->refgrdwidth - cp->imgareatlx) * (cp->refgrdheight -cp->imgareatly));
tile->rawsize = cp->rawsize * rho;

for (lyrno = 0O; lyrno < tile->numlyrs - 1; ++lyrno) {

tile->lyrsizes[lyrno] = tile->rawsize * jpc_fixtodbl(cp->tcp.ilyrrates[lyrno]);
}
tile->lyrsizesl[tile->numlyrs - 1] = (cp->totalsize |= UINT_FAST32_MAX) ?

(rho * encsltileno]->mainbodysize) : UINT_FAST32_MAX;
for (lyrno = 0; lyrno < tile->numlyrs; ++lyrno) {

if (tile->lyrsizes[lyrno] = UINT_FAST32_MAX) {

if (tilehdrlen <= tile->lyrsizes[lyrno]) {
tile->lyrsizes[lyrno] -= tilehdrlen;
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}else {
tile->lyrsizes[lyrno] = 0;
}
}
}

if (rateallocate(encsltileno], tile->numlyrs, tile->lyrsizes)) {
ERROR();
[* return -1; */

}

if (jpc_enc_encodetiledata(encs[tileno])) {
printf( "dotile failed¥n");
ERROR();
[*return -1; */

}

tilelen = jas_stream_tell(encs]tileno]->tmpstream);

if (jas_stream_seek(encs[tileno]->tmpstream, 6, SEEK_SET) < 0) {
ERROR();
[*return -1; */

}

jpc_putuint32(encstileno]->tmpstream, tilelen);

if (jas_stream_seek(encs[tileno]->tmpstream, 0, SEEK_SET) < 0) {
ERROR();
[*return -1; */

}

encs[tileno]->len += tilelen;

jpc_enc_tile_destroy(encsftileno]->curtile);
encs[tileno]->curtile = 0;
}* endof #pragma omp parallel for */

printf("%f second.¥n", second() - sec);

/* put coded data to output stream in order */
for(tileno = O; tileno < numtiles; tileno++) {
if (jpc_putdata(encs[tileno]->out, encs]tileno]->tmpstream, -1)) {
ERROR();
return -1,
}
jas_stream_close(encs]tileno]->tmpstream);
encs[tileno]->tmpstream = 0;
jas_free(encsltilena]);
}

return O;
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