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Parallel UTF-8 Data and Property Streams

Text $ . ¥ . € ?
u8data(i) 0x24 | 0x2C | 0x20{0xC2 [0xA5|0x2C|0x20|0xE2 | 0x83 | OXAC|0X3F
u8bit0(?) 0 0 0 1 1 0 0 1 1 1 0
u8bitl() 0 0 0 1 0 0 0 1 0 0 0
usbitz@ | 1 1 1 0 1 1 1 1 0 1 1|
u8bit3() 0 0 0 0 0 0 0 0 0 0 1
u8bitd(i) 0 1 0 0 0 1 0 0 0 1 1
u8bit5(i) 1 1 0 0 1 1 0 6] 0 i 1
u8hit6(;) 0 0] 0 1 0 0 0 1 1 0 1
u8hit7() 0 0 0 0 1 0 0 0 1 0 1

uSprefixG) | © 0 0 1 0 0 0 1 0 0 0
uSprefix2(i) 0 0 0 1 0] V) 0 0 0 0 0
uSscope22(i)| © 0 0 0 1 0 0 0 0 0 0

u8hid(@) 0x2 | 0x2 | 0x2 | OxC | OxA Ox2 | 0x2 | OXE | Ox8 | OxA | 0x3

u8lod(i) 0x4 | O0xC | Ox0 | Ox2 025 0xC | 0x0 | Ox2 | Ox3 OkC OxF

cpbyte(i) 0x24 | 0%2C | 0x20|0x00 | 0xA5| 0x2C|0x20 |0x00 | 0x20 | 0%XAC|0X3F
i 0 1 2 3 4 5 6 7 8 9 10

FIG. 1
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Altivec Code Fragment Illustrating Shift Across Block and Buffer Boundaries

// initialize constants fer shifts

vector unsigned char shiftl = vec_splat_u8(1);

vector unsigned char shift3 = vec_splat_u8(3);

vector unsigned char shift7 = vec_splat_uB(7);

vector unsigned char byte_shiftl5 = vec_sl{vec_splat_u8(15), shift3);

nnu

oldprefix2 = ...;// value for last block of previous buffer,
for (1 = 0; i < block_count; i++} {
u8_prefix = vec_and(u8bit@[i], uBbitl[i])};
thisprefix2 = vec_andc(u8prefix, u8bit2[il};
uBscope22 = vec_or{vec_sl1(vec_slo{oldprefix2, byte_shiftl3), shift7},
vec_srl{thisprefix2, shiftl}));

6iaprefix2 = thisprefix2; // prepare next iteration

}

FIG. 2.
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Serial Byte Stream to Parallel Bit Stream Transposition Using Idealized SIMD Instruction
Set

// Temporary registers:

// bit0123_ro ...
// bit4567_r0 ...
// bitel_ro,

bit0123_r0
bit0123 ril
bit0123_r2
bit@123_r3
bit4567_r0
bit4567 r1
bit4567_r2
bit4567_r3

bitol_ ro =
bitel_ri
bit23_ro0
bit23_ril
bit45_ro0
bit45 rl
bit67_r0
b1t67 rl =
ugbito =
u8bitl
u8bit2
u8bit3
u8bit4
u8bits
u8bité
u8bit7

[ T Y O T O |

o nonn

simd pack/2(b1t01 ro/h,
51md_pack/2(b1t01_r0/1
simd_pack/2(bit23_ro/h,
simd_pack/2(bit23_ro/1,
simd_pack/2(bit45_r0/h,
simd_pack/2(bit45_ro0/1,
simd_pack/2(bit67_ro/h,
simd_pack/2(bit67_ro0/1,

L1 | N | B ||

simd_pack/8(u8data_r4/1,
= simd_pack/8(uB8data_ré6/1,
simd pack/4(b1t0123 ro/h,
simd_pack/4(bit0123_r2/h,
simd_pack/4(bit0123_ro/1,
simd_pack/4(bit0123_r2/1,
simd_pack/4(bit4567_r0/h,
simd_pack/4(bit4567_r2/h,
simd_ _pack/4(bit4567_roe/1,
simd_ _pack/4(bit4567_r2/1,

bit08123_r3 for high nybbles of each byte.
bit4567_r3 for low nybbles of each byte.

bit01_r1, ... bit67_rl for bit pairs.
simd_pack/8(u8data_ro/h,
simd_pack/8(u8data_r2/h,
simd_pack/8(u8data_r4/h,
simd_pack/8(u8data_ré/h,
simd_pack/8(u8data_r0/1,
simd_pack/8(u8data_r2/1,

uBdata_rl/h);
u8data_r3/h);
uBdata_r5/h);
u8data_r7/h);
uBdata_ri/\);
uBdata_r3/1);
u8data_r5/1);
uBdata_r7/1);
bit0123_rl/h);
bit@123_r3/h);
bit0123_rl/1);
bit0123_r3/1);
bit4567_rl/h);
bit4567_r3/h);
bit4567_ri/1);
bit4567_r3/1);

bit01_rl/h};
bitel_r1/1};
bit23_rl/h);
bit23_rl1/1);
bitd45_rl/h);
bitd45_r1/1);
bit67_rl/h);
bit67_rl/1);

FIG. 3
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Altivec Code Fragment for Bit Pairing

// initialize constants for packing, shifting, masking.
vector unsigned char even_indices = vec_add(vec_1lvsl1(08,0), vec_1lvsl(0,0});
vector unsigned char shiftl = vec_splat_u8(1);
vector unsigned char shift4 = vec_splat_u8(4);
vector unsigned char mask_0101 = vec_splat_u8(0x05);
vector unsigned char alternate_bits =
vec_or{mask_0101, vec_st{mask_08181, shift4));
vector unsigned char even, odd, even_leftl, odd_rightl;

// Assume that two consecutive sets of 16 input bytes are available
// in registers uBdata® and u8datal. Pack into even and odd bytes.
even = vec_perm(uBdata@, uBdatal, even_indices);
= vec_pack({vector unsigned short) u8data@,
(vector unsigned short) uBdatal);
// Now make offset 1 versions.

even_leftl = vec_sl(even, shiftl);

odd_rightl = vec_sr(odd, shiftl);

//

bits00224466 = vec_sel(even, odd_rightl, alternate_bits};
bits11335577 = vec_sel(even_leftl, odd, alternate_bits);

// Stage 1 bit pairing complete.

FIG. 4
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Altivec Code Fragment for Bit Detection

int has_bit{vector unsigned char bit_block[], int block_count) {
vector unsigned char accum = vec_splat_u8{(0);
int i;
for (i = 0; 1 < block_count; i++) {
accum = vec_or(bit_block[i], accum);
}
return accum_sum{(vector unsigned int) accum) > 0;

}

FIG. 5
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Pentium Code Fragment for Bit Position Arrays
asm volatile(
“b2p_next_32:\n\t"
"cmpl %[buffer_end_ptr}, %[bit_buffer_ptri\n\t"
"jge b2p_finish\n"
"b2p_scan_next:\n\t"
"bsf (%[bit_buffer_ptr]), %%ecx\n\t" // initiate bit scan
// bsT has a latency of 4; load the current 32 bits and
// advance counters in the meantime. Use leal for arithmetic
// to avoid conflict with the z flag set by bsf.
“movl (%[bit_buffer_ptr]), %%eax\n\t" // load current 32 bits
"leal 32(%[bit_position]), %[bit_position]\n\t"
“leal 4(%[bit_buffer_ptrl), %[bit_buffer ptr]\n\t"
"jz b2p_next_32\n" // did bsf find a bit?
"b2p_process_bit:\n\t"
"teal (%[bit_position], %%ecx), ‘%%edx\n\t" // bit position = base + offset
"leal -1l(%%eax), %%ecx\n\t"
“andl %%ecx, %%eax\n\t" // clear bit
"bsf %%eax, %%secx\n\t" // start another scan
"movw %%dx, (%[position_buffer_ptr])\n\t" // store the position just found
“leal 2(%[position_buffer_ptr]), %[position_buffer_ptr]\n\t"
"jnz b2p_process_bit\n\t"
"cmpl %[buffer_end_ptr], %[bit_buffer_ptr]lin\t"
"j1 b2p_scan_next\n"
"b2p_finish:\n"
{position_buffer_ptr] "+D" (position_buffer_ptr)
[bit_buffer_ptr] "S" (bit_buffer_ptr},
[bit_position] "b" (bit_position-32), // will preincrement by 32.
[buffer_end_ptr] "m" (buffer_end_ptr)
: "eax", "ecx", "edx", "cc", "memory");

FIG. 6
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Parallel Bit Stream to Serial Byte Stream Transposition Using Idealized SIMD Instruction
Set

// Temporary registers:

// bitel_r0, bit@l_rl, ... bite7_rl for merged bit pairs.
// bit0123_r0 ... bit0123_r3 for high nybbles of each byte.
// b1t4567 ro ... bit4567_r3 for low nybbles of each byte.
bitB1l_r0 = simd mergeh/l(u8b1t0 u8bitl);

bit0l_rl = simd_mergel/1(u8bitd, u8bitl);
bit23_r0® = simd_mergeh/1{uBbit2, u8bit3);
bit23_rl = simd_mergel/1(uB8bit2, u8bit3);
bit45_r0 = simd_mergeh/1(u8bit4, u8bit5);
bitd45_rl = simd_mergel/1(u8bit4, u8bit5);
bit67_r0 = simd_mergeh/1(u8bit6, u8bit7);

b1t67 rl = simd_mergel/1(uB8bit6, uB8bit7);
bit0123_r0 = simd_mergeh/2(bitd1_ro, bit23_ro0);
b1t0123_r1 simd_mergel/2(bitdl_r0, bit23 ro);
bit0123_r2 = simd_mergeh/2(bit®1_rl, bit23 ri);
bit@123_r3 = simd_mergel/2(bit01_rl, bit23 rl);
bit4567_r0 = simd_mergeh/2(bit45_r0, bit67_r0);
bit4567_rl1 = simd_mergel/2(bit45_r0, bit67_r0);
bit4567_r2 = simd_mergeh/2(bit45_rl, bit67_rl);
bit4567_r3 = simd_mergel/2(bit45_r1, bit67_rl);
uBdata_r0 = simd_mergeh/4(bit0123_r0, bit4567_r0);
u8data_rl = simd_mergel/4(bit0123_r0, bit4567_r0);
uBdata_r2 = simd_mergeh/4(bit0123_rl1, bit4567_rl);
u8data_r3 = simd_mergel/4(bit0123_rl1, bit4567_rl);
uBdata_r4 = simd_mergeh/4(bit0123_r2, bit4567_r2);
uBdata_r5 = simd_mergel/4(bit0123 r2, bit4567_r2);
uBdata_r6 = simd_mergeh/4(bit0123_r3, bit4567_r3);
uBdata_r7 = simd_mergel/4(bit0123_r3, bit4567_r3);

wonounononnn

L | O O Y O [ Y |

FIG. 7
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byte class u8unibyte
Single byte UTEF-8 pattern Otuvwxyz
code point Otuvwxyz

byte class u8prefix2 | u8scope22
2-byte sequence UTF-8 pattern 110pgrst| 10uvwxyz
code point 00000pgr| stuvwxyz

byte class u8prefix3 | u8scope32 | u8scope33
3-byte sequence UTF-8 pattern 1110jklm| 10npgrst] 10uvwxyz
code point 00000000| jklmnpgr| stuvwxyz

byte class u8prefix4 | u8scoped42 | uBscoped3 | u8scoped4
4-byte sequence UTE-8 pattern | 11110efg| 10hijklm| 10npgrst| 10uvwxyz
code point 00000000 000efghij jklmnpgr| stuvwxyz

FIG. 8
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UTF-8 to UTF-16 Bit Space Transcoder

1002

UTF-8 to UTF-16 1003
Bit Space Transcoder |—»

1001 (USU16BIT 1000)

1004

1000 —

FIG. 9
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UTF-8 to UTF-16 Bit Space Transcoder Internal Structure
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UTF-8 Code Unit Sequences and Corresponding UTF-16 High and Low Bytes

byte class u8unibyte
Single byte UTF-8 pattern Otuvwxyz
ul6hi 0C000000
ulélo N o Otuvwxyz
byte class uBprefix2 | u8scope22 ;
2-byte sequence UTF-8 pattern 110pgrst| 10uvwxyz
ul6hi delete 00000pgr
ulélo delete stuvwxyz
byte class u8prefix3 | u8scope32 | u8scope33
3-byte sequence | TF-8 pattern 1110jklm| 10npgrst| 10uvwxyz
| ul6hi delete delete Jklmnpgr
[L ul6lo delete delete StUvVwWXyz
byte class u8prefix4 | u8scope42 | u8scope43 | u8scoped4
4-byte sequence UTEF-8 pattern 11110efg| 10hijklm| 10npgrst| 10uvwXy2z
ulé6hi delete 110110ab delete 11011llqgr
ul6lo delete cdjklmnp|  delete stuvwxyz

(where abcd = efghir -1

FIG. 11
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Altivec Implementation of Idealized Instruction simd_add_16

// simd_add_16 macros make the following assumptions.

// rslt, a, b are all either vector unsigned short or vector signhed short.
// hshift8 is predefined as a vec_splat_ul6(8)

// alt_bytes is predefined as vec_vsrh{vec_splat_ul6(-1), hshift8)

!/

#define simd_add_16_xx(rslt, a, b) rslt = vec_adduhm(a, b)

#define simd_add_16_xh(rslt, a, b) \
rslt = vec_adduhm{(a, vec_vsrh(b, hshift8))

#define simd_add_16_x1(rslt, a, b) \
rslt = vec_adduhm(a, vec_and(b, alt_bytes))

#define simd_add_16_hx{rslt, a, b) \
rslt = vec_adduhm(vec_vsrh(a, hshift8), b)

#define simd_add_16_hh(rslt, a, b) \
rslt = vec_adduhm(vec_vsrh(a, hshift8), vec_vsrh{b, hshift8))

#define simd_add_16_hli(rslt, a, b) \
rslt = vec_adduhm{vec_vsrh{a, hshift8), vec_and(b, alt_bytes))

#define simd_add_16_1x(rslt, a, b) \
rslt = vec_adduhm(vec_and(a, alt_bytes), b)

#define simd_add_16_1lh(rslt, a, b) \
rslt = vec_adduhm(vec_and(a, alt_bytes), vec_vsrh(b, hshift8))

#define simd_add_16_11(rslt, a, b) \
rslt = vec_adduhm(vec_and(a, alt_bytes), vec_and(b, alt_bytes))

FIG. 12
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Altivec Implementation of Idealized Instruction simd_sri_4
// simd_srl_4 macros make the following assumptions.
// rslt, a, b are all vector unsigned char.
// shift2 is predefined as a vec_splat_u8(2)
// shift4 is predefined as a vec_splat_u8(4)
// alt_pairs is predefined as
//  vec_or{vec_splat_u8(3), vec_sl(vec_splat_u8(3), shift4))
// alt_nybbles is predefined as vec_splat_uB(15)

//
#define simd_srl_4_xx(rslt, a, b) \
do { \
vector unsigned char x = a; /* Ensure a is evaluated once only. */ \
vector unsigned char y = vec_and{b, alt_pairs); /* max shift =3 */ \
vector unsigned char rslt_h = vec_vsrb(x, vec_vsrb(y, shift4)); \
vector unsigned char rslt_1 = vec_vsrb(vec_and(x, alt_nybbles), y); \
rslt = vec_sel(rslt_h, rslt_1, alt_nybbles); \
while (0)

#define simd_srl_4_xh{rslt, a, b) \
simd_srl_4 xx(rslt, a, vec_vsrb(b, shift2))

#define simd_srl_4_x1 simd_srl_4_xx

#define simd_srl_4_hx(rslt, a, b) \
simd_srl_4_xx(rslt, vec_and(vec_vsrb(a, shift2), alt_pairs), b)

#define simd_srl_4_hh(rslt, a, b} \
simd_srl_4 hx{rslt, a, vec_vsrb(b, shift2})

#define simd_srl_4_hl simd_srl_4_hx

#define simd_srl_4_1x{rslt, a, b) \
simd_srl_4 xx{rslt, vec_and(a, alt_pairs}, b)

#define simd_srl_4_th(rslt, a, b) \
simd_srl_4_xx(rslt, vec_and{a, alt_pairs), vec_vsrb(b, shift2))

#define simd_sri_4 11 simd_srl_4_1x

FIG. 13
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Altivec Implementation of Idealized Instruction simd_sub_2
// simg_sub_2-macros make the following assumptions.
/7 rsit, a, b are all vector unsigned char.
// shiftl is predefined as a vec_splat_u8(1)
// alt_bits is predefined as
//  vec_or({vec_splat_u8(5), vec_sl(vec_splat_uB(5), shift4))
//
#define simd_sub_2_xx(rslt, a, b) \
do {vector unsigned char x = a; /* Evaluate a once only. */ \
vector unsigned char y = b; /* Evaluate b once anly. */ \
vector unsigned char bit_diff = vec_xor(a, b); \
vector unsigned char borrow = vec_vslb{vec_andc(b, a), shiftl); \
rsit = vec_sel{vec_xor{bit_diff, borrow), bit_diff, alt_bits); \
} while ()

#define simd_sub_2_xh(rslt, a, b) \
simd_sub_2_xx(rslt, a, vec_and{vec_vsrb(b, shiftl), alt_bits))

#define simd_sub_2 x1(rslt, a, b) simd_sub_2 xx(rslt, a, vec_and(b, alt_bits))

#define simd_sub_2_hx(rslt, a., b} \
simd_sub_2 xx{rslt, vec_and{vec_vsrb{a, shiftl), alt_bits), b)

#define simd_sub_2 1x(rslt, a, b) simd_sub_2 xx(rslt, vec_and{a, alt_bits), b)

// Optimized versions.
#define simd_sub_2 hh(rslit, a, b) \
do {vector unsigned char x = a; /* Evaluate a once only. */ \
vector unsigned char y = b; /* Evaluate b once only. */ \
rslt = vec_sel(vec_andc(b, a), vec_vsrb{vec_xor(a, b), shiftl},
alt_bits);
} while (0)

#define simd_sub_2_hl{rslt, a, b) \
do {vector unsigned char x = a; /* Evaluate a once only. */ \
vector unsigned char y = b; /¥ Evaluate b once only. */ \
rslt = vec_sel(vec_andc(vec_vslb(b, shiftl), a), \
vec_xor{vec_vsrb(a, shiftl), b), alt_bits);
} while (@)

#define simd_sub_2_lh(rslt, a, b) \
do {vector unsigned char x = a; /* Evaluate a once only. */ \
vector unsigned char y = b; /* Evaluate b once only. */ \
rslt = vec_sel(vec_andc(b, vec_vslb(a, shiftl)}, \
vec_xor({a, vec_vsrb(b, shiftl), alt_bits};
} while (0)

#define simd_sub_2_11{rslt, a, b) \
do {vector unsigned char x = a; /* Evaluate a once only. */ \
vector unsigned char y = b; /* Evaluate b once only. */ \
rslt = vec_sel(vec_vslb(vec_andc(b, a), shiftl),
vec_xor{a, b), alt_bits);
} while (0)

FIG. 14
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Application Module Utilizing Character Stream Processor
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1

METHOD AND APPARATUS FOR
PROCESSING CHARACTER STREAMS

This patent application relates to U.S. Provisional Appli-
cation No. 60/692,683 filed Jun. 21, 2005, from which prior-
ity is claimed under 35 USC §119(e), and which provisional
application is incorporated herein in its entirety.

TECHNICAL FIELD OF THE INVENTION

One or more embodiments ofthe present invention relate to
method and apparatus for processing character streams.

BACKGROUND OF THE INVENTION

Text processing applications deal with textual data
encoded as strings or streams of characters following conven-
tions of a particular character encoding scheme. Historically,
many text processing applications have been developed that
are based on fixed-width, single-byte, character encoding
schemes such as ASCII and EBCDIC. Further, text process-
ing applications involving textual data in various European
languages or non-Roman alphabets may use one of the 8-bit
extended ASCII schemes of ISO 8859. Still further, a number
of alternative variable-length encoding schemes have been
used for Chinese, Japanese or Korean applications.

Increasingly, Unicode is being used as a basis for text
processing applications that may need to accommodate, and/
or perhaps combine, text arising from different sources. The
Unicode character set is designed to include characters of all
the world’s languages, as well as many additional characters
arising from formal notation systems used in mathematics,
music and other application areas. As is well known, UTF-8,
UTF-16 and UTF-32 are the three basic encoding schemes of
Unicode that are based on 8-bit, 16-bit, or 32-bit code units,
respectively. In particular, UTF-8 is a variable-length encod-
ing scheme that requires one to four 8-bit code units per
character; UTF-16 is an encoding scheme that generally
requires a single 16-bit code unit per character (some rarely
used characters require 2 code units); and UTF-32 is a fixed-
length encoding scheme that requires a single 32-bit code unit
for each character. UTF-16 and UTF-32 have variations
known as UTF-16LE, UTF-16BE, UTF-32LE and UTF-
32BE, depending on byte-ordering conventions within code
units.

While Unicode allows interoperation between applications
and character streams from many different sources, it comes
at some cost in processing efficiency when compared with
legacy applications based on 8-bit character encoding
schemes. This cost may become manifest in the form of
additional hardware required to achieve desired throughput,
additional energy consumption in carrying out an application
on a particular character stream, and/or additional execution
time for an application to complete processing.

Applications may further require that the content of data
streams be structured according to lexical and/or syntactic
conventions of a text-based notation system. Many such con-
ventions exist, ranging from simple line-oriented structuring
conventions used by various operating systems to formal
programming language grammars used for representing com-
puter programs as source language texts. Of special impor-
tance is the growing use of XML as a standard, text-based,
markup language for encoding documents and data of all
kinds. In each case, the imposition of structuring information
may add considerably to resource requirements of relevant
text processing applications.
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In general, high-speed text processing in the prior art uses
sequential, character-at-a-time (or byte-at-a-time) process-
ing, often written in the C programming language. For
example, much prior art for XML and Unicode string pro-
cessing teaches use of the sequential character processing
approach. This is also true of standard computing science
textbooks dealing with parsing, lexical analysis, and text pro-
cessing applications.

There are three basic techniques used in the prior art for
implementing text processing applications. The first basic
technique is a hand-coded implementation using iterative
looping (for example, while loops) and branching instruc-
tions (for example, if-statements) to perform conditional
actions based on particular characters or character classes.
The second basic technique is a variation of the first in which
decomposition of separate logic for different characters or
character classes is handled through jump tables (for
example, case statements). The third basic technique system-
atizes the use of tables in the form of finite state machines.
Finite state machine implementations derive from standard
theoretical techniques for string processing; namely, repre-
senting character and lexical syntax by regular expression
grammars and recognizing character strings matching these
grammars using finite automata. Finite state machine tech-
niques can give efficient implementations when the number
of states and the number of potential character transitions per
state is reasonably small; for example, applications involving
7-bit ASCII processing require at most 128 entries per state.
However, a straightforward implementation of finite state
machines based on 16-bit representations of UTF-16 would
require more than 64,000 entries per state. Thus, for state
spaces of any complexity, this quickly becomes prohibitive.

Industry standard processors have evolved through 8-bit,
16-bit and 32-bit architectures. In addition, character encod-
ing schemes have evolved from the 8-bit representations of
extended ASCII through the 16-bit and 32-bit representations
of UTF-16 and UTF-32. Through this period of evolution of
processor architectures and character encoding schemes,
there has been a rough match between processor capabilities
and the requirements of character-at-a-time processing.

Although the evolution of character encoding has now
likely reached a point of long-term stability through the Uni-
code standard, processor architectures are continuing to
evolve. In particular, recent years have seen an increasing
mismatch between processor capabilities and character-at-a-
time processing requirements. Specifically, industry standard
processor architectures now routinely include capabilities for
single-instruction, multiple-data processing based on 128-bit
registers, while processors with 64-bit general purpose reg-
isters are being increasingly deployed. These registers are
potentially capable of dealing with a number of characters or
code units at a time, for example, up to 16 UTF-8 code units
could be processed using 128-bit registers. In addition, pro-
cessors have developed sophisticated instruction and data
caching facilities for increasing throughput. With respect to
instruction caching, in particular, throughput advantages pro-
vided by pipelining are largely negated by sequential charac-
ter processing software that is heavily laden with branch
instructions for conditional character logic. Data cache
behavior may also be a problem, particularly for finite-state
machine and other table-based implementations that may use
large transition or translation tables.

In light of the above, there is a need to provide method
and/or apparatus to solve one or more of the above-identified
issues.































































