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Problem 6
A Compression Scheme for Unicode

Charactestringson a computerarehandledby a mappingbetweercharacterandnumbersaswell asa scheme
for representinghe sequencef numbersasa streamof byteson the computer The Unicodestandardnapping(also
known asISO 10646)is designedo provide a universalmappingbetweercharacterandnumberdor essentiallyall
charactersor all writing systemdor all history. This mappinghasthe capabilityto make all othermappingobsolete,
andis in widespreadisethroughoutheworld.

Therearemary differentwaysof representing sequencef numbersasa streamof bytes. Oneschemeknown
asUTF-16LE,usesairsof bytesin little endianorderto representinsignedntegers.Unwilling to usetwo bytesper
characteryour customeipaida high pricedconsultingfirm to compressheir UTF-16LE data.

Fallingmemorypricesandthedifficultiesof maripulatingcompressediaahascorvincedyour custometo cornvert
thecompressetdnicodedatabackto UTF-16LE.Yourtaskis to write aprogranthatinputsasequencef Compressed
Unicodestrings,andoutputsUTF-16LE. The UnicodeLine Feedcharacte(mappedo the numberl0) indicatesthe
endof astring. Eachstringwascompressethdividually. Thehigh pricedconsultingfirm did acompetenjob, soyou
canassumall input stringsarewell formedandwell defined.

The compressioschemepperatedy providing two compressiomodes:single byte modeandUnicodemode.
Sequencesf controlbytesswitch betweerncompressiomodesandalter the interpretatiorof subsequenytes. The
compressiorschemeuseswindowsinto the Unicode mapping. Thereare 16 windows usedfor interpretationof
compresseatrings: eight staticwindows (SWO0- SW7) andeightdynamicwindows (DWO0 - DW7). Eachwindow
includesl28sequentiatharacterérom the Unicodemap. Differentwindows canhave differentstartingpositions.

A window is completelydetermineavith respecto Unicodeby its startingcharacterSWO0startswith thecharacter
mappedo 0,sothevalue65with respecto SWOis thecharacte mgppedto Unicodeat65. SWistartswith thecharacter
thatmapsto 128,sothevalue65 with respecto SW1is thecharactemappedo Unicodeat 193. SW2 startsat 256,
SW3at768,SW4at8192,SW5at8320,SW6at 8448,andSW7at 12288.DWO initially startsat128,DW1 at192,
DW?2 at1024,DW3 at1536,DW4 at2304,DW5 at12352 DW6 at12448,andDW7 at65280.Dynamicwindows can
berepositionedria controlsequences.

Singlebytemodehaseachbyterepresenting characterThebytevalues0, 9, 10, 13,aswell as32 through127
areinterpretedasUnicode(e.g.,thebytewith value10is interpretedasLine Feed).The bytevalues128through255
areinterpretechsthe characteraumbered throughl127in thecurrentwindow (initially DWO0). All otherbytevalues
indicatecontrolbytesexplainedlater. Valuesl1and12 arenotusedin this problem.

Unicodemodehaspairsof bytesin big endianform, interpretedasUnicode.For example thetwo-bytesequence
0, 10isinterpretedasLine Feed.Thefirst byteof abytepairis notallowedto have valuesfrom 224through242. Such
bytesarecontrolbytesexplainediater Values241and242arenotusedfor this problem.

Inputto the programis a binary file thatcontainsCompressetinicodestrings,terminatedoy end-of-file. When
interpretinga compressedtring, interpretatiorbeginsin singlebyte modewith DWO asthe currentwindow, andall
dynamicwindows begin with their initial startingpositionsasdescribedabove. Interpretatiorchangesnly whena
controlbyteis encountered.

Outputis abinaryfile thatcontainglittle endian)UTF-16LE.



Problem 6
A Compression Scheme for Unicode (continued)

Thenotationthatfollowsincludesmnemonicgonsistingof two uppercaseharactersollowedby adigit. In this
contet, theuseof thesesamewo characterfollowedby alowercasen’ indicatesary of thosemnemonicsHowever,
thedigit indicatedby ‘n’ is fixedfor subsequenisagewithin the sameparagraph.

Controlbytesfor singlebytemode:
Mnemonic ByteValue(s) Function
SQ0-SQ7 1-8 Let Vbyte bethevalueof the bytefollowing the SQn. If 0 < Vbyte < 127,then
thisrepresentsharacteWbytein SWn. If 128< Vbyte < 255 thenthisrepresents
thecharacteibyte — 128in DWhn.

SQU 14 Thepair of bytesfollowing SQU shouldbeinterpretedasbig endianUnicode.
SCU 15 EnterUnicodemode.

SC0-SC7 16-23 SCnchangeshecurrentwindow to DWn

SD0-SD7 24-31 Thebytefollowing SDnis usedo definethestartingpositionof DWn (Seewindow

offsettable). DWn becomedghe currentwindow.

Controlbytesfor Unicodemode:
Mnemonic ByteValue(s) Function
UC0-UC7 224-231 UCn changeshe currentwindow to DWn andenterssinglebyte mode.
UDO0-UD7 232-239 Thebytefollowing UDnis usedo definethestartirg positionof DWn (Seewindow
offsettable). DWn becomeshe currentwindow andsinglebyte modeis entered.
uQu 240 The pair of bytesfollowing UQU shouldbe evaluatedasbig endianUnicode.

Window offsettable:
ByteValue(s) Offset
0 Not to beused
1-103 Byte valuemultiplied by 128
104-167 Byte valuemultiplied by 128,addedo 44032
168-248 Not to beused

249 192
250 592
251 880
252 1328
253 12352
254 12448
255 65376

TheSampldnputand SampleDutputare unsigneddecimaldumpsof the samplebinary files. Usethe command
od -A x -t ul fil enane todisplaythecontentsof a binaryfile asunsigneddecimalbytevalues.

Sampldnput

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

SampleDutput

0000000 065 000 194 000 010 000 001 000 010 0OOO 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



