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Problem 3
Temperature Data Compression

Dirt CheapElectronics(DCE),aleadingmanufacturerof electronicsfor budget-consciouscompanies,hasdecided
to produceasmall,batteryoperatedtemperaturerecordingandloggingdevice. Thevalueof thesedevicesis thatthey
canbe recoveredafter deployment,and the entire log of temperaturescanbe downloadedto a computerfor later
analysis.Thedevice will readtemperaturesin stepsof wholedegreesC, in what is known astheextendedindustrial
temperaturerange,-40to125degreesC.Yourteammustcompressthetemperaturereadingsthatwill bestoredonboard
thedevice.

Themicrocontrollerunit ( � CU) thatDCE plansto usein theprototypehasonly 128bytesof EEPROM for long
termstorage(logging).Tostoreasignificantnumberof temperaturereadings,it mustcompresstheloggedtemperatures.
Theengineeringstaff tookveryexpensivethermalmeteringandloggingcomputersinto theintendedenvironmentsof
thenew device. After analyzingthedata,thestaff discoveredthatrecordinganinitial temperature,thenencodingonly
thechange(delta)betweenconsecutivereadingspromisedgoodcompression.Theengineersthenspecifiedanencoding
technique,andhandedoff all theloggedtestdataandthespecificationto thesoftwaremanagerfor implementation.

Compressedtemperaturedatais a seriesof recordswith varying bit lengths. Multi-bit valuesareencodedin
big-endianbit order. Eachrecordbeginswith adatapresencebit:

0: Whenthedatapresencebit is 0, nodatafollows(thismarkstheendof thebit stream).

1: Whenthedatapresencebit is 1, theheaderconsistsof anadditionalsevenbits of theform issnnnn:

i The secondbit is 1 whenan initial 8-bit two’s complementvaluefollows the header, andis 0 whenonly
temperaturedeltasfollow theheader.

ss Thefollowing two bitsof thedataheadercorrespondto thesizeof thecodeddeltas:00 meansthateachdelta
readingin therecordis a 2-bit two’s complementinteger, [-2..1]. 01 meansthateachdeltais a 3-bit two’s
complementinteger, [-4..3]. 10 meansthateachdeltais a4-bit two’scomplementinteger, [-8..7]. 11 means
thateachdeltais a5-bit two’s complementinteger, [-16..15].

nnnn The last four bits form an unsignedcount(measurements- 1) of how many temperaturevalues(optional
initial valueplusdeltas)arepresentin therecord: thus,0 indicatesthatonly onemeasurementfollows the
header, and15 indicatesthat16measurementsfollow theheader.

The software managerrecognizedthat the limited RAM in the � CU for the compressionalgorithmprevents
optimalcompressionfor anentiresetof measurements.Thereadingswill besubjectto a compressionwindow of 16
measurements.Thesoftwaremanagerhastaskedyour teamto produceanalgorithmto compressa window’s worth
(0..16measurements)of data.Yourprogrammustreadaseriesof windoweddatafrommultipleindependenttests.For
eachwindow, form oneor morerecordsthatcompressthewindow optimally (usingthefewestbits), anddisplaythe
resultingbit stream.

Input is aseriesof testwindows. Eachwindow is asequenceof temperaturereadingsin therange[-40..125],one
perline. Theendof a testwindow is signaledby adummytemperaturevalueof -128.Theendof theseriesis signaled
by end-of-file.

Outputis oneline pertestrecording.Eachline consistsof astringof zerosandones,representingthecompressed
data.Thereshouldbenospacesanywherein theoutputlines. Thebits mustrepresentanoptimalcompression.



Problem 3
Temperature Data Compression (continued)
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Output for the Sample Input
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