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Problem 6
A Compression Scheme for Unicode

Characterstringson a computerarehandledby a mappingbetweencharactersandnumbersaswell asa scheme
for representingthesequenceof numbersasa streamof byteson thecomputer. TheUnicodestandardmapping(also
known asISO 10646)is designedto providea universalmappingbetweencharactersandnumbersfor essentiallyall
charactersfor all writing systemsfor all history. Thismappinghasthecapabilityto makeall othermappingsobsolete,
andis in widespreadusethroughouttheworld.

Therearemany differentwaysof representinga sequenceof numbersasa streamof bytes.Onescheme,known
asUTF-16LE,usespairsof bytesin little endianorderto representunsignedintegers.Unwilling to usetwo bytesper
character, yourcustomerpaida highpricedconsultingfirm to compresstheirUTF-16LEdata.

Fallingmemorypricesandthedifficultiesof manipulatingcompresseddatahasconvincedyour customertoconvert
thecompressedUnicodedatabackto UTF-16LE.Yourtaskis to writeaprogramthatinputsasequenceof Compressed
Unicodestrings,andoutputsUTF-16LE.TheUnicodeLine Feedcharacter(mappedto thenumber10) indicatesthe
endof astring. Eachstringwascompressedindividually. Thehighpricedconsultingfirm did acompetentjob, soyou
canassumeall inputstringsarewell formedandwell defined.

Thecompressionschemeoperatesby providing two compressionmodes:singlebytemodeandUnicodemode.
Sequencesof controlbytesswitchbetweencompressionmodesandalter theinterpretationof subsequentbytes.The
compressionschemeuseswindowsinto the Unicodemapping. Thereare 16 windows usedfor interpretationof
compressedstrings: eightstaticwindows (SW0 - SW7) andeightdynamicwindows (DW0 - DW7). Eachwindow
includes128sequentialcharactersfrom theUnicodemap.Differentwindowscanhavedifferentstartingpositions.

A window iscompletelydeterminedwith respecttoUnicodebyitsstartingcharacter. SW0startswith thecharacter
mappedto0,sothevalue65with respecttoSW0is thecharacter mappedtoUnicodeat65. SW1startswith thecharacter
thatmapsto 128,sothevalue65 with respectto SW1is thecharactermappedto Unicodeat 193. SW2startsat 256,
SW3at 768,SW4at 8192,SW5at 8320,SW6at 8448,andSW7at 12288.DW0 initially startsat 128,DW1 at 192,
DW2 at1024,DW3 at1536,DW4 at2304,DW5 at12352,DW6 at12448,andDW7 at65280.Dynamicwindowscan
berepositionedvia controlsequences.

Singlebytemodehaseachbyterepresentinga character. Thebytevalues0, 9, 10,13,aswell as32 through127
areinterpretedasUnicode(e.g.,thebytewith value10 is interpretedasLine Feed).Thebytevalues128through255
areinterpretedasthecharactersnumbered0 through127in thecurrentwindow (initially DW0). All otherbytevalues
indicatecontrolbytesexplainedlater. Values11and12arenotusedin this problem.

Unicodemodehaspairsof bytesin big endianform, interpretedasUnicode.For example,thetwo-bytesequence
0,10is interpretedasLine Feed.Thefirst byteof abytepair is notallowedto havevaluesfrom224through242.Such
bytesarecontrolbytesexplainedlater. Values241and242arenotusedfor this problem.

Input to theprogramis a binary file thatcontainsCompressedUnicodestrings,terminatedby end-of-file.When
interpretinga compressedstring,interpretationbegins in singlebytemodewith DW0 asthecurrentwindow, andall
dynamicwindows begin with their initial startingpositionsasdescribedabove. Interpretationchangesonly whena
controlbyteis encountered.

Outputis abinaryfile thatcontains(little endian)UTF-16LE.



Problem 6
A Compression Scheme for Unicode (continued)

Thenotationthatfollows includesmnemonicsconsistingof two uppercasecharactersfollowedby adigit. In this
context, theuseof thesesametwo charactersfollowedbyalowercase‘n’ indicatesany of thosemnemonics.However,
thedigit indicatedby ‘n’ is fixedfor subsequentusagewithin thesameparagraph.

Controlbytesfor singlebytemode:
Mnemonic ByteValue(s) Function
SQ0–SQ7 1–8 Let Vbyte bethevalueof thebytefollowing theSQn. If 0

�
Vbyte

�
127,then

thisrepresentscharacterVbytein SWn. If 128
�

Vbyte
�

255,thenthisrepresents
thecharacterVbyte � 128in DWn.

SQU 14 Thepairof bytesfollowing SQU shouldbeinterpretedasbig endianUnicode.
SCU 15 EnterUnicodemode.
SC0–SC7 16–23 SCnchangesthecurrentwindow to DWn
SD0–SD7 24–31 ThebytefollowingSDnisusedtodefinethestartingpositionof DWn(Seewindow

offsettable).DWn becomesthecurrentwindow.

Controlbytesfor Unicodemode:
Mnemonic ByteValue(s) Function
UC0–UC7 224–231 UCnchangesthecurrentwindow to DWn andenterssinglebytemode.
UD0–UD7 232–239 ThebytefollowingUDnisusedtodefinethestartingpositionof DWn(Seewindow

offsettable).DWn becomesthecurrentwindow andsinglebytemodeis entered.
UQU 240 Thepairof bytesfollowing UQU shouldbeevaluatedasbig endianUnicode.

Window offsettable:
ByteValue(s) Offset
0 Not to beused
1–103 Byte valuemultipliedby 128
104–167 Byte valuemultipliedby 128,addedto 44032
168–248 Not to beused
249 192
250 592
251 880
252 1328
253 12352
254 12448
255 65376

TheSampleInputandSampleOutputare unsigneddecimaldumpsof thesamplebinary files. Usethecommand
od -A x -t u1 filename to displaythecontentsof a binaryfile asunsigneddecimalbytevalues.

SampleInput

0000000 065 194 010 001 001 010 014 078 010 078 010 015 078 010 078 010

0000010 000 010 018 001 194 194 010 026 251 001 194 194 018 194 014 078

0000020 010 194 010 194 010

0000025

SampleOutput

0000000 065 000 194 000 010 000 001 000 010 000 010 078 078 000 010 000

0000010 010 078 010 078 010 000 194 000 066 004 010 000 194 000 178 003

0000020 178 003 010 078 178 003 010 000 194 000 010 000

000002c


