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Accelerating UTF-8 Decoding Using SIMD Instructions

HirosHI INOUE, ! HIDEAKI KomaTsuf!
and ToOSHIO NAKATANI!

Recently UTF-8 encoding is widely used as a standard format for text data
exchange. The Java programming language, however, uses UTF-16 encoding
as its internal representation format for text data. As a result, data conver-
sions between UTF-8 and UTF-16 consume considerable amount of CPU time
in workloads that process large amount of text data, such as web application
servers. Hence accelerating these conversions are important to improve the per-
formance of many applications. In this paper, we present our new technique to
accelerate decoding of variable-length formats, such as conversion from UTF-8

to UTF-16, by using SIMD instructions. The new technique can achieve higher
performance by reducing overhead of branch mispredictions in addition to ex-
ploiting data parallelism of SIMD instructions. We implemented the technique
using VMX instructions of the PowerPC architecture and evaluated its perfor-
mance to decode various UTF-8 sequences on a PowerPC 970 MP processor.
As a result, we showed that our technique significantly accelerated the UTF-8
decoding compared to the existing method.
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Table 1 An example of simplified variable-length encoding rule.

oo ooo 2-bit oo
oooo 0000 | prefix | 10000][20000]00 x:000000
106000 1000 0 (00b) | [00xxxxxX]
7014000 2000 1 (01b) [01xxxxxx] [XxXXXXXXX]
15022000 3000 2 (10b) | [10xxxxxX]| [XXXXXXXX]| [XXXXXXXX]
23030000 | 4000 | 3 (11b) | [11 11 11

] [xxxxxxxx]
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1 while (! end of encoded_data) {

2 byte *p = encoded_datal[src_offset];

3 prefix = p[0] >> 6; // 2 bitDprefixz 45

4 length = prefix + 1; /] T AT — & Eld(prefix + 1)
5 switch (prefix) { // prefix DAEIZ &> THRAM 5315
6 case 0:

7 output = p[0];

8 break;

9 case 1:

10 output = (p[0] & 0x3F) << 8 | p[1];

11 break;

12 case 2:

13 output = (p[0] & 0x3F) << 16 | p[1] << 8 | p[2];

14 break;

15 case 3:

16 output = (p[0] & 0x3F) << 24 | p[1] << 16 | p[2] << 8 | p[3];
17 break;

18 }

19 decoded_dataldst_offset++] = output; // 7T I—RUZMEREAETNCHESHT
20 src_offset += length;

01 0oo0o0o0o00O0OO0000000O0OO000000O0O00000O0

Fig.1 Pseudocode of decoding process for the simplified encoding rule.
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while (lend of encoded_data) {
byte *p = encoded_datalsrc_offset];

/] AF7vT 1 AT =853 Dprefixaifl~, ETF—IDHFSILT I REZFARD

gathered_prefix = 0, total_length = 0;

for (i=0; i<4; i++) {
prefix = (p[total_length] >> 6); // 2 bitDprefixz {5
gathered_prefix = (gathered_prefix << 2) | prefix; // 7 —7)V 77 ADindexiZfiiH]
total_length += prefix+l; /] FiEftT — 4 Kl (prefix + 1)

OO~ W N

10 /] AFvT 2: —EILE#RT 4TI DEAEDEICHE LT, RVYERET —TILHLHRAAD
11 vpattern = pattern_table[gathered_prefix]; // petmutedi T S EH
12 vmask = mask_table[gathered_prefix]; // andfin gy FHRI ZE

13 /| ATv7 3: EREMALTEROT—9BE%T

14 vin = vector_load(p); /] FEEALT —RBRI ALY AR GAIAD
15 vtmp = vector_permute(vin, vin, vpattern); /] EBUTIEU TN ML THAREZ 2175
16 vout = vector_and(vtmp, vmask); // prefix@¥ O RELRE Y NE0IIY AV TS
17 vector_store(vout, &decoded_dataldst_offset]); // BHfEHEEZAETNIESTHT

18 src_offset += total_length;

19 dst_offset += 4;

20 }

02 000OoO0oOoOoOo sSIMDUOOOOOOOOOOOOOoOoOoOoOoooooooo
Fig.2 Pseudocode of our algorithm for decoding the simplified encoding rule.
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Fig.3 An example of vector constants and decoding process.
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02 UTF8O00O000O0O0OOOOOO
Table 2 UTF-8 encoding rule.

oooooo ooooooo UTF-80000 [10000] 200000 x000000O
1000000 0x000 Ox7F [OxxxxxxX]
2000000 0x800 Ox7FF [110xxxxx] [10xxxx%XX]
3000000 0x8000 OxFFFF | [1110xxxx] [10xxxxxx] [10xxxXxxX]
4000000 gooo [11110xxx] [10xxxxxx] [10xxxxxx] [10 x|

while (!end of UTF8_data) {
byte *p = UTF8_datal[src_offset];

1

2

3 /] 2797 1: 8XFH DprefixaiiN, EXFOUTF-8RFTORIEFHND

4 gathered_prefix = 0, total_length = 0;

5 for (i=0; i<8; i++) {

6 prefix = (pl[total_length] >> 3); // 5 bitDprefixZ {5

7 length = prefix_to_length_table [preflx] // prefixinbT DX F DRI ZHFHND
8 gathered_prefix = (gathered_prefix * 3) + length; // 7— 7% 5</zbDindex# it H
9 total_length += length;

10 }

1/ AFvT 2 —
12 vpatternl = patternl_table[gathered_prefix];
13 vpattern2 = pattern2_table[gathered_prefix];

BILERT28XFOMRAEDLEISLT, RIVYERET—TILH SimAAD
// petmutedi 43 7 2 E

14 vmask1 mask_for_select_table[gathered_prefix]; // selectfii4y AT
15 vmask?2 = mask_for_and_table[gathered_prefix]; // andfi 4y AR ZE

16 //ATv7 3 EREFALTEROT—9BEETD

17 vinl = vector_load(p); /] UTF-8 5% 165 MED R ZL Y ARG AL

18 vin2 = vector_load(p+16); /] B KDL BRDIGEMNH B8, D16/ 51 hE S E

19 vtmpl = vector_permute(vinl, vin2, vpatternl); /] AT /727: FLAAATZ BRI U T

20 vtmp2 = vector_permute(vinl, vin2, vpattern2); /] 2N ML TAANRFER Z2FTD

21 vtmpl = vector_select(vector_shift_left(vtmpl, 4), // vtmpl&vtmp2%~¥—9 572
vector_shift_left(vtmpl, 6), // ¥ VNHEMDAEEDHOED
vconstant_0x0FCO) ;

22 vtmp3 = vector_select(vtmpl, vtmp2, vmaskl); /] AR ERIIEUTY =TT 5

23 vout = vector_and(vtmp3, vmask2); /] prefix R RERE Y NEY AV TS

24 vector_store(vout, &UTF16_datal[dst_offset]); /] Bk R ATNCES T

25 src_offset += total_length;
26 dst_offset += 8;
27 }

7=7ZL, vconstant_0xOFCO = {0xOF, 0xCO, OxOF, 0xCO, O0xOF, 0xCO,.. };

04 SIMDOOOOOO UTF-8000000O0O00O0DODODOO
Fig.4 Pseudocode of decoding process for an UTF-8 sequence.

goboooboobooooboooobooboooobooboooboobOoooOobo
000000000 select 000000002)00000000000O0O 2000000
00000002000 400000003)000 20000000 UTF-1600000
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Fig.5 An example of vector constants and decoding process for an UTF-8 sequence.
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Fig.6 Performance of decoding the simplified encoding rule.
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03 OJ0OOoooooobooooooo
Table 3 Properties of text files used in our evaluation.

ooo oo 0000 | 1000000 | 2000000 | 3000000
0oo 0oo ooo
ASCII - 10,000 | 10,000 (100%) 0 (0.0%) 0 (0.0%)
Japanese - 10,000 0 (0.0%) 0 (0.0%) 10,000 (100%)
random - 10,000 | 3,361 (33.6%) | 3,315 (33.2%) | 3,324 (33.2%)
Web-JP ooo 27,529 | 26,460 (96.1%) 2 (0.0%) 1,067 (3.9%)
Web-CN | OO0 29,778 | 28,904 (97.1%) 2 (0.0%) 872 (2.9%)
Web-KR | OO0 19,050 | 18,357 (96.4%) 1 (0.0%) 692 (3.6%)
Web-DE | 0000 | 25140 | 25,125 (99.9%) 15 (0.0%) 0 (0.0%)
Web-RU | 0O0O | 18,305 | 17,174 (93.8%) | 1,131 (6.2%) 0 (0.0%)
Maill-JP | OO0 5,488 2,485 (45.3%) 0 (0.0%) 3,003 (54.7%)
Mail2-JP | 0OO 6,617 2,301 (34.8%) 0 (0.0%) 4,316 (65.2%)
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