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Problem 3
Temper ature Data Compression

Dirt CheafElectronic§DCE),aleadingmanufcturerof electronicgor budget-consciousompanieshasdecided
to producea small,batteryoperatedemperatureecordingandloggingdevice. Thevalueof thesedevicesis thatthey
canbe recoveredafter deployment, andthe entirelog of temperaturegsan be downloadedto a computerfor later
analysis.Thedevice will readtemperatures stepsof wholedegreesC, in whatis known asthe extendedndustrial
temperatureange;40to 125degree<C. Yourteammustcompresshetemperatureeadingshatwill bestoredonboard
thedevice.

Themicrocontrollerunit (1CU) thatDCE plansto usein the prototypehasonly 128bytesof EEPROM for long
termstorag€logging). To storeasignificannumberof temperatureeadngs,it mustcompressheloggediemperatures.
Theengineeringtaf took very expensve thermalmeteringandloggingcomputersnto theintendedernvironmentsof
thenew device. After analyzingthe data the staf discoveredthatrecordinganinitial temperaturethenencodingonly
thechangddelta)betweertonsecutiereadingpromisedjoodcompressionTheengineershenspecifiedanencoding
techniqueandhandedff all theloggedtestdataandthe specificatiorto the softwaremanagefor implementation.

Compressedemperaturalatais a seriesof recordswith varying bit lengths. Multi-bit valuesare encodedn
big-endiarbit order Eachrecordbeginswith adatapresencdit:

0: Whenthedatapresencéit is 0, no datafollows (this marksthe endof the bit stream).
1: Whenthedatapresencéit is 1, theheaderconsistof anadditionalsevenbits of theformi ssnnnn:

i Thesecondbit is 1 whenaninitial 8-bit two’s complementwaluefollows the headerandis 0 whenonly
temperatureleltasfollow theheader

ss Thefollowingtwo bits of thedataheadercorrespondo thesizeof thecodeddeltas:00 meanghateachdelta
readingin therecordis a 2-bit two’s complementnteger, [-2..1]. 01 meanghateachdeltais a 3-bit two’s
complemeninteger, [-4..3]. 10 meanghateachdeltais a4-bittwo’s complemeninteger, [-8..7]. 11 means
thateachdeltais a 5-bit two’s complemeninteger, [-16..15].

nnnn The lastfour bits form an unsignedcount(measurements1) of how mary temperaturezalues(optional
initial valueplusdeltas)arepresenin therecord: thus,0 indicatesthatonly onemeasuremerfbllows the
headerandl5indicateshat16 measurement®llow theheader

The software managerecognizedhat the limited RAM in the uCU for the compressioralgorithm prevents
optimalcompressioffior anentiresetof measurementsthereadingswill be subjectto a compressionvindow of 16
measurementsThe softwaremanageihastasked your teamto producean algorithmto compressa window’s worth
(0..16measurement®f data. Your programmustreada seriesof windoweddatafrom multipleindependentiests.For
eachwindow, form oneor morerecordsthatcompresshe window optimally (usingthe fewestbits), anddisplaythe
resultingbit stream.

Inputis aseriesof testwindows. Eachwindow is a sequencef temperatureeadingsn therange[-40..125],0ne
perline. Theendof atestwindow is sighaledby adummytemperaturealueof -128. Theendof the serieds signaled
by end-of-file.

Outputis oneline pertestrecording.Eachline consistof astringof zerosandonesrepresentinghecompressed
data. Thereshouldbe no spacesnywherein the outputlines. The bits mustrepresenanoptimalcompression.



Problem 3
Temper ature Data Compression (continued)

Sample Input
25
26
27
37
38
38
20
19
17
-128
-128

Output for the Sample Input

1100001000011001010111000010001001010100110000100001010011100
0



