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1.   IQWURGXFWLRQ b
Global   companieV   haYe   heaYil\   inYeVWed   in   WechnologieV   WhaW   can   empoZer   Wheir   VXppl\   chain b

managemenW   Wo   ma[imi]e   Wheir   operaWional   efĆcienc\.   ThiV   helpV   in   managing   Wheir   ćoZ   of   goodV b

and   VerYiceV,   Zhich   inclXdeV   all   proceVVeV   WhaW   WranVform   raZ   maWerialV   inWo   Ćnal   prodXcWV. b

SWreamlining   of   VXppl\   chain   acWiYiWieV   alVo   helpV   Whe   bXVineVVeV   Wo   ma[imi]e   cXVWomer   YalXe   and b

achieYe   a   compeWiWiYe   poViWion   in   Whe   markeWplace.   DifferenW   VWepV   inYolYed   in   VXppl\   chain b

managemenW   inclXde    conWrolling   and   oYerVeeing   pXrchaVeV   from   VXpplierV   and   cXVWomerV, b

mainWaining   Whe   VWorage   of   VWock,   conWrolling   Whe   amoXnW   of   prodXcW   for   Vale   and   order   fXlĆllmenW, b

and   managing   cXVWomer   reWXrnV. b

b

DaWa   anal\WicV   in   VXppl\   chain   managemenW   (aka   çVXppl\   chain   anal\WicVè)   can   deliYer   WremendoXV b

YalXe   aV   iW   enableV   bXVineVVeV   Wo   operaWe   ZiWh   greaWer   efĆcienc\,   baVed   on   beWWer   informed b

deciVionV.   Modern   bXVineVVeV   leYerage   VXppl\   chain   anal\WicV   Wo   make   Whe   righW   predicWionV   on b

fXWXre   riVk,   anal\]e   cXVWomer   WrendV,   and    improYe   Whe   demand   forecaVWing   capabiliWieV.   The b

inVighWV   deriYed   from   real-Wime   daWa   haYe   gained   a   loW   of   aWWenWion   in   recenW   \earV.   The   abiliW\   Wo b

gain   inVighWV   from   Whe   real-Wime   daWa   alZa\V   helpV   Whe   deciVion   makerV   Wo   make   Whe   beVW b

jXdgemenW.   AV   VXppl\   chain   companieV   generaWe   maVViYe   amoXnWV   of   daWa   on   a   dail\   baViV, b

managing   VXch   daWa   plaWformV   haV   WXrned   oXW   Wo   be   VigniĆcanWl\   challenging   for   larger   companieV. b

2.   BLJJHVW   SXSSO\   CKDLQ   CKDOOHQJHV   LQ   WKH   :RUOG b
ThiV   VecWion   diVcXVVeV   Vome   of   Whe   biggeVW   VXppl\   chain   problemV   and   challengeV   in   Woda\èV   Zorld. b

2.1   DLVWULEXWLQJ   CO9ID-19   9DFFLQHV   AFURVV   WKH   GOREH b

COVID-19   pandemic   haV   had   a   VigniĆcanW   impacW   on   VXppl\   chain   bXVineVVeV   globall\.   OYer   a   VhorW b

period   of   Wime,   bXVineVVeV   Zere   forced   Wo   adapW   Whe   neZ   normal   Za\   and    operaWe   ZiWh   greaWer b

efĆcienc\   Wo   reVpond   Wo   eYolYing   demand   and   VXppl\   reqXiremenWV. b

According   Wo   a   recenW    arWicle ,   Whe   reqXiremenW   of   cold-chain   WranVporWaWion   and   VWorage   are   Whe   ke\ b

challengeV   in   diVWribXWing   YaccineV   acroVV   Whe   globe.   For   e[ample,   YaccineV   cXrrenWl\   going   WhroXgh b

Whe   Wrial   phaVe   haYe   Wo   be   VWored   and   WranVporWed   an\Zhere   beWZeen   -20   deg   C   and   -70   deg   C. b b

SROXWLRQ   BULHI:   SLQJOHSWRUH   IRU   SXSSO\   CKDLQ   AQDO\WLFV b                                 2  



 
DXring   Whe   iniWial   phaVe   of   diVWribXWion,   Vome   of   Whe   mandaWor\   reqXiremenWV   VXch   aV   deep b

free]ing,   immediaWe   XVe,   and   VWorage   packaging   proWocol   ma\   poWenWiall\   reVWricW   Whe   aYailabiliW\   of b

Whe   YaccineV   onl\   Wo   Whe   Xrban   cenWreV   WhaW   can   be   reached   qXickl\.   AnoWher   major   challenge   iV b

aboXW   managing   and   coordinaWing   Whe   VXppl\   chain   logiVWicV,   Wo   enVXre   WhaW   YaccineV   are   made b

aYailable   Wo   eYer\   perVon   in   Whe   coXnWr\.   In   order   Wo   efĆcienWl\   manage   Whe   Zhole   diVWribXWion b

proceVV,   WheVe   pharmaceXWical   companieV   need   Wo   rel\   on   a   daWa   driYen   plaWform   WhaW   can   enable b

Whem   ZiWh   beWWer   logiVWicV   and   VXppl\   chain   planning   baVed   on   Whe   real-Wime   inVighWV.   DaWa b

VcienWiVWV   belieYe   WhaW   an   efĆcienW   deVign   and   implemenWaWion   of   daWa   driYen   modelV   and   planV b

deriYed   from   near   real-Wime   daWa   coXld   help    oYercome   WheVe   challengeV   aW   a   global   leYel. b

2.2   FHGE[   SXSSO\   CKDLQ   MDQDJHPHQW b

FedE[    iV   a   global   leader   in   non-aVVeW-baVed   WranVporWaWion,   ZarehoXVing   and   diVWribXWion,   and b

YalXe-added   VerYiceV.   The   compan\   alVo   ZorkV   ZiWh   reYerVe   logiVWicV   proceVVeV,   inclXding   reWXrnV, b

recommerce   and   rec\cling.   Some   of   Whe   ke\   challengeV   faced   b\   FedE[   inclXde:   (i)   rapidl\ b

increaVing   YolXme   of   orderV   and   inYenWor\,   (ii)   lack   of   YiVibiliW\   Wo   Whe   inYenWor\   acroVV   eYer\ b

channel,   (iii)   laWenW   inefĆciencieV,   (iY)   labor   VhorWageV,   (Y)   meeWing   VerYice   leYel   agreemenW   dXring b

peak   VeaVonV   eWc.   DeVpiWe   WheVe   challengeV,   FedE[   conViVWenWl\   meeWV   Woda\èV   demand   and   in   Whe b

fXWXre   b\   beWWer   planning   and   e[ecXWion. bb

b

FedE[   belieYeV   WhaW,   if   \oX   haYe   Whe   righW   VolXWion   Wo   empoZer   \oXr   VXppl\   chain   plaWform   When   Whe b

challengeV   ZonèW   be   a   bXrden   for   Whe   e[ecXWion.   The\   haYe   opWimi]ed   Wheir   VXppl\   chain   in   order   Wo b

make   beWWer-informed   deciVionV   ZiWh   real-Wime   bXVineVV   inWelligence.   AV   an   e[ample,    FedE[ b

proYideV   real-Wime   package   Wracking   for   each   VhipmenW   and   XVeV   one   of   Whe   Zorld'V   largeVW b

compXWer   and   WelecommXnicaWionV   neWZorkV.   The   compan\'V   coXrierV   operaWe   SXperTrackerp b

hand-held   compXWerV,   Wo   record   Whe   WranViW   of   VhipmenWV   WhroXgh   Whe   FedE[   inWegraWed   neWZork. b

2.3   MDQXIDFWXULQJ   DQG   DLVWULEXWLQJ   LPKRQHV b

AppleèV   VXppl\   chain   haV   been   a   leader   and   led   Whe    GarWner'V   SXppl\   Chain   Top   25   liVW    Vince   2013. b

In   order   Wo   manXfacWXre   and   diVWribXWe   IphoneV,   Apple   haV   Wo   coordinaWe   and   manage   Whe   maWerialV b

from   global   VXpplierV,   aVVemble   Whem   in   Wheir   China   planW,   and   geW   Whem   read\   for   VhipmenW   (Yia b
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UPS/FedE[)   for   Whe   conVXmerV   Zho   boXghW   WhroXgh   AppleèV   online   VWore.    Some   of   Whe   ke\ b

challengeV   inclXde:   (i)   abiliW\   Wo   obWain   componenWV   in   VXfĆcienW   qXanWiWieV,   (ii)   dependenc\   on b

logiVWicV   VerYiceV   proYided   b\   oXWVoXrcing   parWner,   (iii)   inYenWor\   managemenW   baVed   on   demand, b

(iY)   Xne[pecWed   changeV   in   Whe   global   econom\,   (Y)   an\   naWXral   or   man-made   VXppl\   chain b

diVrXpWionV,   (Yi)   logiVWicV   managemenW    eWc. bb

b

EfĆcienW   e[ecXWion   of   VXppl\   chain   planning   aW   Apple   Inc   iV   a   claVVic   e[ample   for   Whe   indXVWr\.   Apple b

haV   inWegraWed   R&D,   markeWing,   and   YarioXV   oWher   fXncWionV   Xnder   VXppl\   chain   managemenW.   ThiV b

inWegraWion   haV   become   a   parW   of   Wheir   neZ   prodXcW   deYelopmenW   proceVV   and   helpV   in   acceleraWing b

Whe   manXfacWXring   and   diVWribXWion   proceVV.   Apple   haV   bXilW   digiWi]ed   VolXWionV   poZered   b\ b

modern   big   daWa   plaWformV   Wo   manage   Wheir   VXppl\   chain   fXncWion   ZiWh   XWmoVW   efĆcienc\.    Apple b

VWrongl\   belieYeV   Whe   facW   WhaW,   Whe   modern   daWa   plaWformV   bXilW   ZiWh   real-Wime   capabiliWieV   enable b

Whe   deciVion   makerV   Wo   make   Whe   beVW   jXdgemenW,   baVed   on   Whe   VXppl\   chain   inVighWV   deriYed   from b

liYe   daWa. b

3.   MDUNHW   TUHQGV   IRU   SXSSO\   CKDLQ b

3.1   RHFHQW   CKDQJHV   LQ   SXSSO\   CKDLQ   MDQDJHPHQW b

DLJLWL]DWLRQ.    InclXdeV   efforWV   Wo   inWegraWe   corporaWe   V\VWemV   inWo   a   XniĆed   plaWform   ZiWh   focXV   on b

implemenWing   neZ   digiWal   WechnologieV.   The     goal   of   digiWi]aWion,   aV   deVcribed   b\   PZC ,    iV   a   VmarW, b

efĆcienW   VXppl\   chain   ecoV\VWem   WhaW   demoliVheV   ViloV,   creaWeV   WranVparenc\   and   enhanceV b

reVponViYeneVV.   ThiV   alVo   eliminaWeV   manXal   proceVVeV   and   proYideV   a   Vingle   YieZ   of   Whe b

organi]aWion. b

b

MRYH   WR   WKH   CORXG.    While   man\   enWerpriVeV   VWill   rel\   on   legac\   on-premiVe   VXppl\   chain   VofWZare, b

Whe   fXWXre   iV   in   Whe   cloXd.   SXppl\   chain   cloXd   compXWing   offeringV   haYe   proYed   Wo   greaWl\   increaVe b

Whe   VcalabiliW\   and   će[ibiliW\   aV   compared   Wo   Whe   WradiWional   legac\   V\VWemV.   According   Wo b

McKinVe\ ,     cloXd-VpeciĆc   Vpending   in   2020     Zill   groZ   Vi[-WimeV   faVWer   Whan   oWher   IT   e[pendiWXreV. b

CloXd   compXWing   can   enable   VXppl\   chain   applicaWionV   ZiWh   beWWer   XVer   e[perience   ZiWh   minimal b

haVVle   on   infraVWrXcWXre   managemenW. b
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b

EYHQW   SWUHDP   PURFHVVLQJ   (ESP).    GroZWh   of   raZ   daWa   in   Whe   VXppl\   chain   VecWor   haV   been   enormoXV b

in   recenW   WimeV.   ESP   VofWZare   plaWformV   are   Zidel\   XVed   in   VXppl\   chain   managemenW.    IW   can b

VWream   raZ   daWa   from   YarioXV    VoXrceV   and   perform   real-Wime   or   near   real-Wime   calcXlaWionV   on b

daWa   in   moWion.   ThiV   plaWform   iV   VmarW   enoXgh   Wo   proceVV   Whe   inpXW   daWa   aV   iW   arriYeV,   before   VWoring b

iW   in   an\   perViVWenW   VWore   for   performing   an\   comple[   or   adYanced   anal\WicV. b

3.2   LHDGLQJ   THFKQRORJ\   TUHQGV b

 
3.2.1   DLJLWDO   SXSSO\   CKDLQ   TZLQ b

DigiWal   VXppl\   chain   WZin     iV   Whe   deWailed   VimXlaWion   model   of   an   acWXal   VXppl\   chain   Zhich   XVeV b

real-Wime   daWa   and   VnapVhoWV   Wo   forecaVW   VXppl\   chain   d\namicV.   From   WhiV   anal\ViV,   anal\VWV   can b

XnderVWand   a   VXppl\   chain'V   behaYior,   predicW   abnormal   ViWXaWionV,   and   Zork   oXW   a   proacWiYe   acWion b

plan.   For   e[ample,   a   leading   oil   and   gaV   compan\   baVed   in   Whe   US,   mainWainV   an   e[Wremel\   comple[ b

and   e[penViYe   eqXipmenW,   XVing   predicWiYe   anal\WicV   Wo   do   preYenWiYe   eqXipmenW   mainWenance, b

and   manageV   Whe   VXppl\   chain   ZiWh   XWmoVW   efĆcienc\.   The\   haYe   named   Wheir   oil   VXppl\   chain   aV b

êSXppl\   Chain   of   DaWaë .  

 
3.2.2   IQWHUQHW   RI   TKLQJV   (IRT) b

ReVearch    VhoZV   WhaW   Whe   nXmber     of   bXVineVVeV   XVing   IoT   deYiceV     greZ   from   13%   in   2014   Wo   25%   in b

2019.   The   IDC   forecaVWV   13.6%   annXal   groZWh   WhroXgh   Wo   2022.   IoT   enableV   organi]aWionV   Wo b

moniWor   inYenWor\,   aXWomaWe   inYenWor\   managemenW   and   reordering,   and   keep   Wrack   of   deliYerieV, b

all   in   real-Wime.   SenVorV   in   Whe   IoT   neWZork   can   help   ZiWh   predicWiYe   mainWenance   applicaWionV   and b

alVo   enhanceV   Whe   oYerall   VXppl\   chain   WranVparenc\. b

 
3.2.3   AUWLĆFLDO   IQWHOOLJHQFH   (AI)   DQG   MDFKLQH   LHDUQLQJ   (ML) b

WiWh   Whe   big   daWa   reYolXWion,   more   enWerpriVeV   are   WXrning   Wo   AI   and   machine   learning   Wo   Vimplif\ b

comple[   operaWionV   WhroXgh   aXWomaWion.    GarWner   reporWV    WhaW   in   Whe   foXr   \earV   Wo   2019,   Where   ZaV b

a   270%   increaVe   in   Whe   nXmber   of   organi]aWionV   XVing     arWiĆcial   inWelligence .   The   predicWiYe b

anal\WicV   and   machine   learning   algoriWhmV   can   help   aXWomaWing   ZarehoXVe   managemenW, b
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deWermine   Whe   pXrchaVe   paWWernV   and   WrendV,   and   minimi]e   manXal   WaVkV    inYolYed   in   inYenWor\ b

managemenW.  
 
3.3.3   AGYDQFHG   AQDO\WLFV b
 
PreVcripWiYe   anal\WicV   and   predicWiYe   anal\WicV   are   Whe   moVW   common   adYanced   anal\WicV b

WechniqXeV   folloZed   b\   modern   organi]aWionV.   PreVcripWiYe   anal\WicV   makeV   XVe   of   machine b

learning   Wo   help   bXVineVVeV   decide   a   coXrVe   of   acWion   baVed   on   a   compXWer   program'V   predicWionV. b

PredicWiYe   anal\WicV   helpV   in   anal\]ing   daWa,   idenWif\ing   paWWernV,   and   predicWing   Whe   fXWXre.   In b

oWher   ZordV,   predicWiYe   anal\WicV   predicWV   ZhaW   iV   moVW   likel\   Wo   happen   in   Whe   fXWXre   and b

preVcripWiYe   anal\WicV   recommendV   acWionV   \oX   can   Wake   Wo   affecW   WhoVe   oXWcomeV. b

 
3.3.4   IPPHUVLYH   E[SHULHQFH b
b

Organi]aWionV   in   Whe   VXppl\   chain   VecWor   are   leYeraging   capabiliWieV   of   aXgmenWed   realiW\   (AR)   and b

YirWXal   realiW\   (VR)   Wo   achieYe   immerViYe   e[perienceV   for   Whe   end   XVer.   ThiV   iV   anoWher   emerging b

Wrend   folloZed   b\   leading   companieV   Wo   achieYe   enhanced   cXVWomer   e[perience   and   improYe   Whe b

oYerall   Vpeed   of   VerYice. bb

b

4.   BXVLQHVV   PUREOHP b

Lack   of   end-Wo-end   YiVibiliW\   iV   a   major   bXVineVV   problem   in   VXppl\   chain   managemenW.   A    2018 b

VXrYe\     foXnd   WhaW   Whe   biggeVW   challenge   for   global   VXppl\   chain   e[ecXWiYeV   ZaV   YiVibiliW\,   ZiWh   21.8 b

percenW   of   reVpondenWV   VelecWing   WhiV   reVponVe.    The   naWXre   of   Whe   challengeV   generaWed   b\ b

YiVibiliW\   VlighWl\   differV   depending   on   ZheWher   a   compan\   iV   a   prodXcer   or   a   VXpplier   of   goodV. b

ProdXcerV   Zere   moVW   concerned    ZiWh   haYing   oYerVighW   on   hoZ   maWerialV   Zere   proYiVioned   Wo   Wheir b

prodXcWion   faciliWieV,   Zhile   VXpplierV   Zere   concerned   ZiWh   YiVibiliW\   oYer   Whe   qXaliW\   and b

aYailabiliW\   of   Whe   prodXcWV   Whe\   inWend   Wo   Vell.   BoWh   prodXcerV   and   VXpplierV   WhoXgh   Zere b

concerned   ZiWh   being   able   Wo   Wrace   Whe   ćoZ   of   maWerialV   and/or   goodV   WhroXgh   Wheir   VXppl\   chain b

proceVV. bb
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The   ke\   challenge   ZiWh   lack   of   YiVibiliW\   iV   WhaW   bXVineVVeV   riVk   Whe   inWegriW\   of   Wheir   prodXcWV   aV b

Whe\   WraYel   from   VXpplierV   Wo   diVWribXWorV,   Xp   XnWil   Whe\   reach   Whe   cXVWomer.   Some   goodV   are   fragile b

or   periVhable   Vo   mainWaining   enYironmenWal   condiWionV   aW   opWimal   leYelV   iV   paramoXnW   Wo   redXcing b

coVWV   or   ZaVWe,   aV   Zell   aV   poVVibl\   riVking   pXblic   healWh   in   Whe   caVe   of   Vhipping   pharmaceXWicalV. b

IndXVWrieV   like   healWhcare   haYe   regXlaWor\   complianceV   WhaW   companieV   need   Wo   folloZ   Wo b

gXaranWee   Whe   VafeW\   of   Wheir   prodXcWV   WhroXghoXW   Whe   Vhipping   proceVV.   The    challengeV   in b

diVWribXWing   COVID-19   Yaccine     iV   a   claVVic   e[ample   for   WhiV   Vcenario.   Hence   Whe   abiliW\   Wo   moniWor b

and   conWrol   Whe   VXppl\   chain   aW   all   WimeV   iV   obYioXVl\   ke\   for   pharmaceXWical   bXVineVVeV. bb

A   VWXd\   b\   SXppl\   Chain   Media,   inYolYing   67   pharmaceXWical   VXppl\   chain   e[ecXWiYeV   foXnd   WhaW   - b

VXppl\   chain   YiVibiliW\   ZaV   a   VigniĆcanW   challenge   facing   Whe   indXVWr\,   ZiWh   loVV   of   conWrol   and b

deWerioraWing   VerYice   leYelV   alVo   being   major   concernV.   Hence   a    daWa-driYen   approach   coXld   giYe b

bXVineVVeV   Whe   informaWion   Whe\   need   Wo   make   beWWer-informed   deciVionV   in   VXppl\   chain b

managemenW. b

b

Man\   companieV   haYe   focXVed   on   Vingle-VoXrcing   VWraWegieV,   poVVibl\   becaXVe   WhiV   ZaV   conVidered b

aV   one   of   Whe   loZ   coVW   VcenarioV.   BXW   VXch   companieV   are   Xnder   higher   riVk   if   VXpplierV   face   an\ b

challengeV   like   VhorWageV   or   prodXcWion   failXreV.   Single   VoXrcing   VWraWeg\   iV   highl\   riVk\   and   coXld b

VomeWimeV   poWenWiall\   lead   Wo   loVV   of   ValeV,   Zhen   an\   VorW   of   diVrXpWion   occXrV   in   Whe   VXppl\   chain b

ZorkćoZ.   TheVe   companieV   VhoXld   raWher   focXV   on    riVk   miWigaWion   VWraWegieV    Wo   anWicipaWe   and b

minimi]e   VXppl\   chain   challengeV   and   riVkV. b

b

AnoWher   common   problem    facing   Whe   e[ecXWiYe   leaderVhip   in   VXppl\   chain   managemenW,   iV   Whe   lack b

of   acWionable   daWa   and    inVighWV   from    real-Wime   or   near   real-Wime   daWa.   Hence   companieV   haYe   Wo b

focXV   on   bXilding   daWa   plaWformV   WhaWèV   capable   of   rXnning   bXVineVV   anal\WicV   Wo   proYide   inVighWV, b

Zhich   iV   capable   of   idenWif\ing   cXrrenW   WrendV   and   making   predicWionV   for   Whe   fXWXre.   For   e[ample, b

adYanced   machine   learning   baVed   modeling   WechniqXeV   alloZV   bXVineVVeV   Wo   bXild   a   cXVWomi]ed b

model,   alloZing   Whem   Wo   aXWomaWe   YarioXV   WaVkV   and   manage   anal\WicV   againVW   large   YolXmeV   of b

daWa.   ThiV   approach   ZoXld   help   daWa   driYen   companieV   Wo   idenWif\   Whe   WrendV,   paWWernV   and b

WradeoffV   Wo   oYercome   Whe   ke\   problemV   in   Whe   VXppl\   chain   managemenW.  
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5.   SLQJOHSWRUH   SROXWLRQ b

AV   VXppl\   chain   daWa   groZV   aW   a   WremendoXV   raWe,   Whe   need   Wo   haYe   a   reliable,   modern   daWabaVe b

plaWform   haV   become   a   crXcial   reqXiremenW   Wo   improYe   Whe   operaWional   efĆcienc\   and   deriYe b

real-Wime   inVighWV   for   informed   deciVion   making.   Legac\   daWabaVe   plaWformV   can   neiWher   be   able   Wo b

deliYer   high   performance   for   large   YolXmeV   of   daWa,   nor   be   able   Wo   operaWe   aW   higher   XVer b

concXrrenc\.   SXch   plaWformV   alVo   limiW   Whe    capabiliW\   of   Xnlocking   Whe   YalXe   propoViWion   from b

VWreaming   daWa   in   real-Wime.   Hence   Whe   Xnderl\ing   daWabaVe   VolXWion   poZering   Whe   VXppl\   chain b

operaWionV   VhoXld   be   capable   of   inWegraWing   hXge   YolXmeV   of   daWa   VeWV   in   real   Wime,   proceVVing b

eYenWV   aV   Whe\   VWream,   and   proYiding   a   Volid   conYerged   plaWform   for   performing   loZ-laWenc\ b

anal\WicV   aW   high   XVer   concXrrenc\,   againVW   peWab\WeV   of   daWa.   WiWhoXW   real-Wime   YiVibiliW\, b

bXVineVVeV   canèW   conYerW   rich   and   inYalXable   inVighWV   inWo   conVXmer   behaYior,   bX\ing   paWWernV   and b

oWher   ke\   meWricV. bb

b

OXr   miVVion   aW   SingleSWore   iV   Wo   deliYer   The   DaWabaVe   of   NoZ TM    Zhich   proYideV   Whe   Vpeed,   Vcale, b

and   SQL   in   a   cloXd-naWiYe   VolXWion.   SingleSWore   VolXWion   VimpliĆeV   \oXr   daWa   infraVWrXcWXre   b\ b

proYiding   a   conYerged   daWa   plaWform,   opWimi]ed   for   real-Wime   applicaWionV   in   h\brid   and b

mXlWi-cloXd   enYironmenWV. b

b

SingleSWore     DB   iV   a    diVWribXWed ,    relaWional ,    SQL     daWabaVe    managemenW   V\VWem   (RDBMS)   WhaW b

feaWXreV   ANSI    SQL    VXpporW   and   iV   knoZn   for   e[cepWional   Vpeed   in   boWh   qXer\   proceVVing   and   daWa b

ingeVWion   ZiWh   XnlimiWed   Vcaling   capabiliW\.   The   daWabaVe-aV-a-VerYice   YerVion   of   SingleSWore   iV b

knoZn   aV    SingleSWore   Managed   SerYice .   SingleSWore   VolXWion   iV   an   operaWional   daWabaVe   bXilW   for b

Vpeed   and   Vcale,   and   can   be   an   e[cellenW   VolXWion   Wo   empoZer   VXppl\   chain   V\VWemV   ZiWh   real-Wime b

anal\Wical   capabiliWieV.   Some   of   Whe   leading   VXppl\   chain   companieV   leYerage   SingleSWore   Wo   ingeVW, b

qXer\,   and   VerYe   daWa   Wo   WenV   of   WhoXVandV   of   VimXlWaneoXV   XVerV,   ZiWh   XnlimiWed   VcalabiliW\. b

b

SingleSWoreèV   ke\   capabiliWieV,   VXch   aV   XnlimiWed   VcalabiliW\   and   VXpporW   for   faVW,   SQL-baVed b

anal\WicV   ZiWh   high   concXrrenc\,   and   XlWra-faVW   qXer\   performance   Zhile   VWreaming   daWa,   makeV   iW b

Yer\   Zell-VXiWed   Wo   VerYe   aV   Whe   Xnderl\ing   daWabaVe   plaWform   Wo   empoZer   Whe   VXppl\   chain   VecWor. b

The   folloZing   ke\   capabiliWieV   of   SingleSWore   are   inVWrXmenWal   for   WhiV   VolXWion: bb
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● SFDODEOH   DQDO\WLFV   FRQFXUUHQF\.    Scale-oXW   for   groZing   anal\WicV   concXrrenc\   for   ad   hoc b

qXerieV,   bXVineVV   inWelligence   WoolV,   and   appV,   ZiWh   indXVWr\-VWandard   hardZare b

● LRZ   ODWHQF\   TXHULHV.    InWeracWiYe   qXer\   reVponVe   Wime   WhroXgh   Vcale-oXW   and   qXer\ b

compilaWion b

● SWUHDP   LQJHVWLRQ.    DiVcoYer   inVighWV   on   faVW-changing   daWa   ZiWh   real-Wime   ingeVWion, b

inclXding   Vcalable   inWegraWion   ZiWh   Kafka b

● SFDOH-RXW   DUFKLWHFWXUH.    DeliYer   performance   aV   ingeVW,   proceVVing,   and   qXer\ b

reqXiremenWV    groZ,   on   indXVWr\-VWandard   hardZare   or   on   Whe   cloXd b

● FDVW   SQL.    VecWori]ed   and   compiled   qXer\   performance   deliYer   reliable   VXb-Vecond b

reVponVe b

● IQWHURSHUDEOH   DUFKLWHFWXUH.    Drop-in   compaWibiliW\   XVing   VWandard   SQL,   hardZare,   and b

inWerfaceV   proYideV   VeamleVV   inWegraWion b

b

SingleSWore   can   empoZer   digiWal   VXppl\   chain   plaWformV    b\   deliYering   demanding   needV   for   near b

real-Wime   daWa   VXch   aV   faVWer   ad-hoc   baVed   comple[   anal\WicV,   real-Wime   daVhboardV   (aka b

çfaVWboardVè),   reporWing,   and   VXpporW   for   modern   applicaWionV,   Vo   aV   Wo   proYide   qXick   inVighWV   from b

real-Wime   or   near   real-Wime   daWa. b

b

5.1   BHQHĆWV b

SingleSWore   enableV   XlWra-faVW   operaWional   anal\WicV   and   real-Wime   inVighWV   Wo   achieYe   faVWer,   more b

informed   deciVionV,   improYed   cXVWomer   e[perienceV,   and   operaWionV. bb

Some   of   Whe   ke\   beneĆWV   are   aV   folloZV: b

● LDWHQF\-FUHH   AQDO\WLFV:    SingleSWore   leWV   \oX   achieYe   XlWra   faVW   qXer\   reVponVe   ZiWh   high b

concXrrenc\   acroVV   boWh   liYe   and   hiVWorical   daWa   XVing   familiar   ANSI   SQL b

● 8OWUD-IDVW   EYHQW-WR-IQVLJKW   PHUIRUPDQFH:    DeliYer   againVW   Whe   WoXgheVW   VerYice   leYel b

agreemenWV   XVing   parallel,   diVWribXWed   lock-free   ingeVWion   and   real-Wime   qXer\   proceVVing b

● SFDOH   LLPLWOHVVO\:    ElaVWic   Vcale-oXW   archiWecWXre   ZiWh   diVWribXWed   maVViYel\   parallel   daWa b

proceVVing   deliYerV   conViVWenW,   predicWable   reVponVe   Xnder   high   ingeVW   and   XVer b

concXrrenc\ b

● EDVH   RI   8VH   DQG   FOH[LELOLW\:    SingleSWore   bringV   VimpliciW\   and   eaVe   Wo   \oXr   daWa b
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archiWecWXre   b\   alloZing   OLTP   and   OLAP   ZorkloadV   Wo   be   proceVVed   on   operaWional   daWa b

XVing   a   Vingle   Wable   W\pe b

● DURS-LQ   CRPSDWLELOLW\:    PlXg-in   direcWl\   ZiWh   e[iVWing   WechnologieV   and   VkillV   ZiWh   VXpporW b

for   VWandard   SQL,   BI   and   diVWribXWed   WechnologieV   like   Ama]on   S3,   Spark,   Kafka   and b

Hadoop b

● PRZHUIXO   PURJUDPPDELOLW\:    SXpporWV   Vimple,   faVW,   and   poZerfXl   in-daWabaVe   programming b

Yia   MPSQL   and   an   e[WenViYe   VeW   of   bXilW-in   daWa   W\peV   and   fXncWionV b

6.   CXVWRPHU   SXFFHVV   SWRULHV  

6.1   KHOORJJèV b

AERXW   KHOORJJèV b

KelloggèV   iV   Whe   ZorldèV   leading   cereal   compan\.   The\   are   Whe   Vecond   largeVW   prodXcer   of   cookieV, b

crackerV,   and   VaYor\   VnackV,   and   a   leading   fro]en   foodV   compan\   in   Whe   VXppl\   chain   VecWor.   WiWh b

annXal   ValeV   reYenXe   greaWer   Whan   $13   billion,   KelloggèV   prodXceV   more   Whan   1,600   foodV   acroVV   21 b

coXnWrieV   and   markeWV   iWV   man\   brandV   in   180   coXnWrieV. b

b

BXVLQHVV   PUREOHP b

Scenario   Before   SingleSWore b

KelloggèV   relieV   heaYil\   on   cXVWomer   logiVWicV   daWa,   and   Whe\   Zere   Xnable   Wo   geW   WhiV   daWa   qXickl\ b

enoXgh   Wo   make   releYanW   bXVineVV   deciVionV.   The   logiVWicV   daWa   ZaV   24   hoXrV   Wo   reach   Whe   poinW   of b

anal\ViV   dXe   Wo   VloZ   performance   of   SAP   BXVineVV   ObjecWV   DaWa   SerYiceV   and   Hadoop.   In   Whe b

preceding   5   \earV,   cereal   demand   had   dropped   b\   10%,   forcing   KelloggèV   Wo   VWarW   becoming   more b

innoYaWiYe   in   Wheir   prodXcW   offering,   logiVWicV,   and   cXVWomer   reWenWion   VWraWegieV. b

b

ConseqXences   of   Before   Scenario b

   Ke\   conVeqXenceV   faced   b\   Wheir   bXVineVV   XniW   aV   folloZV: b

● AccXrac\   and   Vpeed   of   logiVWicV   daWa   iV   direcWl\   proporWional   Wo   Whe   proĆWabiliW\   of   KelloggèV b

bXVineVV b

● DXe   Wo   Whe   lengWh   of   Wime   WheVe   ZorkloadV   Wook   in   SAP/Hadoop,   Whe\   coXld   onl\   rXn   Whem b
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oYer   Whe   Zeekend   meaning   bXVineVV   deciVionV   Zere   one   Zeek   behind b

● Unable   Wo   Wrack   VhipmenW   SLAV   leading   Wo   poor   meWricV   ZiWh   Wheir   cXVWomerV b

● Re-order   raWe   decreaVed   and   prodXcW   moYemenW   raWe   VWagnaWed   dXe   Wo   lack   of   agiliW\   in b

bXVineVV   deciVion   making b

● KelloggèV   had   begXn   diYeVWiWXreV   of   major   bXVineVV   XniWV   becaXVe   iWV   inabiliW\   Wo   be   an   agile b

bXVineVV   led   Wo   decreaVing   reYenXeV b

● QXarWer   oYer   qXarWer   groZWh   meWricV   ranged   from   -5%   Wo   -10% b

b

SLQJOHSWRUH   SROXWLRQ b

SingleSWore   VolXWion    VXpporWed   Whe   Vcale   KelloggèV   reqXired   for   neZ   XVer   concXrrenc\   and   daWa b

YolXmeV.   AddiWionall\,   SingleSWore   proYided   KelloggèV   Whe   abiliW\   Wo   leYerage   AWS   S3   and   Kafka b

WhroXgh   Whe   SingleSWore   daWa   ingeVWion   pipelineV.   KelloggèV   can   noZ   conWinXoXVl\   ingeVW   daWa   from b

AWS   S3   bXckeWV   and   Apache   Kafka   for   Xp-Wo-daWe   anal\ViV   ZiWh   e[acWl\-once   VemanWicV   for   more b

accXraWe   reporWing.   AV   a   reVXlW,   SingleSWore   enabled   KelloggèV   Wo   redXce   Whe   24-hoXr   ETL   Wo b

minXWeV   and   acceleraWed   Whe   BI   Vpeed   b\   20[. b

b

b

Fig   1.   KelloggèV   RefeUence   AUchiWecWXUe b

b
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PRVLWLYH   BXVLQHVV   OXWFRPHV b

● KelloggèV   iV   noZ   able   Wo   moYe   aW   an   iWeraWiYe,   inWra-da\   pace   in   Wheir   bXVineVV   deciVion b

making,   VpeciĆcall\   aroXnd   VXppl\   chain   and   prodXcW   lifec\cle b

● ToWal   coVW   of   oZnerVhip   iV   mXch   improYed   noZ   WhaW   Whe\   haYe   been   able   Wo   ofćoad   daWa b

from   SAP b

● ImproYed   reorder   raWe   dXe   Wo   faVWer   VWraWegic   deciVionV b

● ProdXcW   moYemenW   raWe   from   reWailerV   like   Wal-MarW   haV   increaVed b

● FXrWher   opWimi]ed   bo[eV   per   caVe   per   craWe   per   WrXck,   one   of   Whe   ke\   meWricV   in   cXVWomer b

logiVWicV   for   KelloggèV b

6.2   TRS   THFKQRORJ\   CRPSDQ\:   DLJLWDO   SXSSO\   CKDLQ   PODWIRUP b

 
AERXW   CRPSDQ\ b

A   leading   Wechnolog\   compan\   WhaW   deYelopV   and   VellV   compXWer   hardZare   and   VofWZare   Wo   Whe b

conVXmer   and   enWerpriVe   markeW   acroVV   Whe   globe.   ThiV   compan\   iV   one   of   Whe   largeVW   Wechnolog\ b

corporaWionV   in   Whe   Zorld,   emplo\ing   more   Whan   165,000   people   in   Whe   U.S.   and   aroXnd   Whe   Zorld. b

IW   iV   one   of   Whe   biggeVW   perVonal   compXWer   (PC)   prodXcW   companieV   in   Whe   Zorld. b

b

BXVLQHVV   PUREOHP b

The   compan\   proceVVeV   millionV   of   orderV   eYer\   \ear.   Keeping   Wrack   of   orderV,   VhipmenWV, b

manXfacWXring,   ZarehoXVeV,   parWnerV   and   relaWed   became   an   e[Wremel\   challenging   WaVk   in   Woda\'V b

faVW   moYing   Zorld.   The\   Zere   noW   able   Wo   make   Whe   righW   commiWmenW   (aV   Wo   Zhen   Whe   order   Zill b

Vhip)   or   Wo   keep   Whe   cXVWomer   informed   aV   Wo   Whe   VWaWXV   of   Whe   order   in   a   Wimel\   manner.   ThiV b

reVXlWed   in   poor   cXVWomer   e[perience   Zhich   in   Woda\èV   Zorld   WranVlaWeV   Wo   cXVWomerV   Zho   Zill   noW b

reWXrn. bb

b

CRQVHTXHQFHV   RI   BXVLQHVV   PUREOHP b

Ke\   conVeqXenceV   faced   b\   Wheir   digiWal   VXppl\   chain   folloZV: b

● E[iVWing   legac\   plaWform   poZered   b\   Oracle   ZaV   performing   poorl\ b

● Old   legac\   archiWecWXre   ZaV   noW   able   Wo   handle   Whe   Zorkload   aV   Whe\   Vcale b
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● InabiliW\   Wo   rXn   real-Wime   anal\WicV b

b

SLQJOHSWRUH   SROXWLRQ b

AV   a   parW   of   DigiWal   TranVformaWion,   Whe   compan\   decided   Wo   moderni]e   and   VWreamline   Whe   enWire b

VXppl\   chain   proceVV.   AV   parW   of   WhiV   iniWiaWiYe,   Whe\   needed   Wo   keep   Wrack   of   all   Whe   ZarehoXVeV, b

parWV,   facWor\   VWaWXV   and   parWner   VXpplierV   in   near   real-Wime. bb

b

ThiV   Wechnolog\   compan\   choVe   SingleSWore   aV   Whe   VolXWion   Wo   proYide   operaWional   anal\WicV   for b

Whe   enWire   VXppl\   chain   frameZork.   SingleSWore   haV   naWiYe   capabiliWieV   Wo   ingeVW   JSON   from   Kakfa, b

and   proYide   boWh   WranVacWional   and   anal\Wical   capabiliWieV   in   a   Vingle   V\VWem.    WiWh   SingleSWore, b

Whe\   Zere   able   Wo   conYerge   Wheir   ZorkloadV   in   a   Vingle   daWabaVe   plaWform   Wo   proYide   real-Wime b

anVZerV   Wo   ValeV,   manXfacWXring,   inYenWor\,   and   operaWional   VWaff. bb

b

PRVLWLYH   BXVLQHVV   OXWFRPHV b

Ke\   poViWiYe   bXVineVV   oXWcomeV   afWer   SingleSWore   implemenWaWion   inclXde: b

● ImproYed   cXVWomer   e[perience bb

● SigniĆcanW   performance   gainV   oYer   Oracle b

● SigniĆcanW   coVW   VaYingV   oYer   Oracle b

● Fle[ibiliW\   Wo   Vcale   on   demand b

● ImproYed   cXVWomer   reWenWion   raWe b

● AbiliW\   Wo   croVV-Vell   and   XpVell   baVed   on   aYailabiliW\   of   oWher   prodXcWV,   b\   inWegraWing   in b

real-Wime   ZiWh   markeWing   anal\WicV bb

b

6.3   GOREDO   TRS   3   CRQVXPHU   THFK   CRPSDQ\ b

A   global   Wop   3   conVXmer   Wech   compan\   XVeV   SingleSWore   Wo   poZer   Wheir   real-Wime   C-VXiWe   e[ecXWiYe b

daVhboard.   The\   leYerage   Whe   SingleSWore   plaWform   for   VWraWegic   ValeV   deciVion   making,   baVed   on b

Whe   inVighWV   deriYed   from   Whe   moVW   Xp-Wo-daWe   daWa   in   reWail   and   VXppl\   chain   V\VWemV.   SingleSWore b

iV   XVed   aV   an   acceleraWion   la\er   for   Wheir   legac\   daWa   ZarehoXVe   VolXWion. b

b
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b

SingleSWore   archiWecWXre   proYideV   Whe   folloZing   capabiliWieV   Wo   empoZer   Whe   real-Wime   daVhboard b

reqXiremenWV,   VeW   b\   Whe   compan\: b

● 500+   qXerieV   per   Vecond   againVW   colXmnVWore   on   diVk b

● QXer\   laWenc\   a   100   mV   (a87%) b

● IngeVW   of   millionV   of   roZV   per   Vecond b

b

PRVLWLYH   BXVLQHVV   OXWFRPHV b

Some   of   Whe   ke\   bXVineVV   oXWcomeV   afWer   implemenWing   SingleSWore   VolXWion: b

● EmpoZer   criWical   C-leYel   e[ecXWiYeV   ZiWh   real-Wime   daVhboardV   (aka   çfaVWboardVè) b

● MeeW   and   e[ceed   Whe    daWa   groZWh   and   VcalabiliW\   reqXiremenWV   of   Whe   compan\ b

● SXpporW   laXnch   of   neZ   prodXcWV   ZiWhoXW   degradaWion   in   performance b

b
b
b
b

b
b
b
b

b
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