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Website Capacity Planning

¥ IIIIssss    ccccaaaappppaaaacccciiiittttyyyy    ppppllllaaaannnnnnnniiiinnnngggg    jjjjuuuusssstttt    aaaa    wwwweeeebbbb    ooooxxxxyyyymmmmoooorrrroooonnnn????

¥ AAAAbbbbuuuunnnnddddaaaannnnttttllllyyyy    cccclllleeeeaaaarrrr    tttthhhhaaaatttt    ccccaaaappppaaaacccciiiittttyyyy    iiiissss    nnnneeeeeeeeddddeeeedddd

¥ BBBBuuuutttt    ccccaaaannnn    tttthhhheeee    uuuuppppggggrrrraaaaddddeeee    ppppooooiiiinnnnttttssss    bbbbeeee    sssscccchhhheeeedddduuuulllleeeedddd????

¥ WWWWeeeeÕÕÕÕllllllll    ppppuuuullllllll    ttttwwwwoooo    rrrraaaabbbbbbbbiiiittttssss    oooouuuutttt    ooooffff    tttthhhheeee    hhhhaaaatttt::::
Ü    SSSShhhhoooorrrrtttt----tttteeeerrrrmmmm    ddddeeeemmmmaaaannnndddd

Ü    LLLLoooonnnngggg----tttteeeerrrrmmmm    ggggrrrroooowwwwtttthhhh
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Statistical Models

¥ UUUUsssseeeeffffuuuullll    ffffoooorrrr    ffffiiiinnnnddddiiiinnnngggg    ttttrrrreeeennnnddddssss    iiiinnnn    rrrraaaawwww
ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    ddddaaaattttaaaa

¥ TTTTrrrreeeennnnddddssss    ccccaaaannnn    bbbbeeee    uuuusssseeeedddd    ttttoooo    pppprrrreeeeddddiiiicccctttt    ggggrrrroooowwwwtttthhhh

¥ MMMMeeeetttthhhhooooddddssss    iiiinnnncccclllluuuuddddeeee::::
ÜRRRReeeeggggrrrreeeessssssssiiiioooonnnn

¥ ttttiiiimmmmeeee----iiiinnnnddddeeeeppppeeeennnnddddeeeennnntttt    ddddaaaattttaaaa

ÜTTTTiiiimmmmeeee    SSSSeeeerrrriiiieeeessss    AAAAnnnnaaaallllyyyyssssiiiissss

¥ ccccoooorrrrrrrreeeellllaaaatttteeeedddd    iiiinnnn    ttttiiiimmmmeeee

ÜAAAANNNNOOOOVVVVAAAA::::    AAAANNNNaaaallllyyyyssssiiiissss    OOOOffff    VVVVAAAArrrriiiiaaaannnncccceeee

¥ uuuusssseeeeffffuuuullll    ffffoooorrrr    qqqquuuuaaaannnnttttiiiiffffyyyyiiiinnnngggg    tttthhhheeee    ddddeeeeggggrrrreeeeeeee    ooooffff    iiiinnnntttteeeerrrraaaaccccttttiiiioooonnnn
bbbbeeeettttwwwweeeeeeeennnn    ooootttthhhheeeerrrrwwwwiiiisssseeee    rrrraaaannnnddddoooommmm    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    mmmmeeeettttrrrriiiiccccssss
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Why EXCEL?

¥ UUUUbbbbiiiiqqqquuuuiiiittttoooouuuussss

Ü Many desktops run MS Office

Ü Internet news groups for EXCEL/VBA    hhhheeeellllpppp

¥ PPPPrrrrooooggggrrrraaaammmmmmmmaaaabbbblllleeee

Ü VBA, object-oriented, debugging, journaling, good prototyping tool

¥ DDDDaaaattttaaaa    ffffiiiilllltttteeeerrrriiiinnnngggg

Ü Need to internally select different data according to specified criteria

¥ SSSSttttaaaattttiiiissssttttiiiiccccaaaallll    aaaannnnaaaallllyyyyssssiiiissss    ffffuuuunnnnccccttttiiiioooonnnnssss    ((((RRRReeeeggggrrrreeeessssssssiiiioooonnnn,,,,    AAAANNNNOOOOVVVVAAAA,,,,    AAAARRRRIIIIMMMMAAAA))))

Ü DidnÕt know which ones would be needed to analyze this data

¥ CCCChhhhaaaarrrrttttssss

Ü Plotting is integrated with data and has a VBA programmable interface

¥ PPPPrrrriiiinnnnttttiiiinnnngggg

Ü Single push-button

Ü Can optionally publish HTML pages

¥ LLLLiiiimmmmiiiittttaaaattttiiiioooonnnnssss

Ü I had not programmed in VBA before

Ü Dummy variables are a pain!

Ü Saving data and charts requires keeping separate workbooks
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Statistical Performance Toy

Total IOs CPU Time
1 4 2
1 6 5
2 7 7
4 2 9
3 9 1 0
5 0 1 3
8 3 2 0

¥ CCCCoooolllllllleeeecccctttteeeedddd    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    ddddaaaattttaaaa

¥ TTTToooottttaaaallll    nnnnuuuummmmbbbbeeeerrrr    ooooffff    IIIIOOOOssss    iiiissssssssuuuueeeessss

¥ CCCCuuuummmmuuuullllaaaattttiiiivvvveeee    CCCCPPPPUUUU    ttttiiiimmmmeeee
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Scatter Plot
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Looks like a linear relationship, but is it?
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EXCEL Regression Tool

Regression Statistics

Multiple R 0.98563213
R Square 0.9714707

0.96576484
1.08340978

Observations 7

Analysis of Variance
d f Mean Square F Significance F

Regression 1 199.845402 199.845402 170.258442 4.7161E-05
Residual 5 5.86888379 1.17377676
Total 6 205.714286

Coefficients t Statistic P-value Lower 95% Upper 95%

Intercept - 0 . 0 0 8 2 8 2 4 0.831105 - 0 . 0 0 9 9 6 5 5 0.99237191 - 2 . 1 4 4 7 0 2 3 2.12813755
x 1 0.24375637 0.01868107 13.0483118 1.2488E-05 0.19573524 0.2917775

Linear model: y = mx + c

CPUtime = 0.24375637 (IOs) Ð 0.0082824
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Linear Regression Model
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Use linear model to project IO and CPU capacity
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Short-term Web Capacity

Multivariate
Linear

Regression
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Web Server Weekly Data

¥ AAAAnnnnaaaallllyyyyzzzzeeeedddd    11110000    wwwweeeeeeeekkkkssss    ooooffff    ddddaaaattttaaaa    ffffrrrroooommmm    7777////1111////99999999    ttttoooo    9999////6666////99999999

¥ RRRReeeessssoooorrrrtttteeeedddd    ttttoooo    SSSSEEEE    PPPPeeeerrrrccccoooollllaaaattttoooorrrr    ddddaaaattttaaaa    ((((2222    mmmmiiiinnnn    ssssaaaammmmpppplllleeeessss))))

¥ FFFFiiiirrrrsssstttt    2222    wwwweeeeeeeekkkkssss    ((((uuuunnnnttttiiiillll    7777////11115555))))    sssshhhhoooowwww    SSSSeeeerrrrvvvveeeerrrr    >>>>    111166660000%%%%
bbbbuuuussssyyyy
ÜAAAAtttt    lllleeeeaaaasssstttt    66660000%%%%    mmmmoooorrrreeee    ccccaaaappppaaaacccciiiittttyyyy    bbbbeeeeiiiinnnngggg    ddddeeeemmmmaaaannnnddddeeeedddd    tttthhhhaaaannnn    wwwwaaaassss

aaaavvvvaaaaiiiillllaaaabbbblllleeee

ÜMMMMaaaannnnyyyy    uuuuppppggggrrrraaaaddddeeeessss    ((((eeee....gggg....,,,,    CCCCPPPPUUUUssss,,,,    OOOORRRRAAAACCCCLLLLEEEE,,,,    AAAAppppppppssss))))    ffffrrrroooommmm    7777////11115555    ttttoooo    7777////33331111

¥ OOOOnnnnllllyyyy    tttthhhheeee    llllaaaasssstttt    5555    wwwweeeeeeeekkkkssss    ooooffff    ddddaaaattttaaaa    aaaarrrreeee    ssssttttaaaabbbblllleeee    eeeennnnoooouuuugggghhhh
ttttoooo    sssshhhhoooowwww    ccccoooonnnnssssiiiisssstttteeeennnntttt    ttttrrrreeeennnnddddiiiinnnngggg    iiiinnnnffffoooorrrrmmmmaaaattttiiiioooonnnn



© 2000 Performance Dynamics Companyª 11

Daily Data
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7pm peak

Numero Uno Signature

¥ RRRReeeennnnddddiiiittttiiiioooonnnnssss    ooooffff    tttthhhhiiiissss    llllooooaaaadddd    cccchhhhaaaarrrraaaacccctttteeeerrrriiiissssttttiiiicccc    sssseeeeeeeennnn    oooonnnn    aaaallllllll    mmmmaaaajjjjoooorrrr
wwwweeeebbbbssssiiiitttteeee    ssssyyyysssstttteeeemmmmssss....

¥ SSSSeeeerrrrvvvveeeerrrrssss    aaaarrrreeee    mmmmoooorrrreeee    lllliiiikkkkeeeellllyyyy    ttttoooo    bbbbeeee    tttthhhhrrrroooottttttttlllleeeedddd    tttthhhhaaaannnn    nnnneeeettttwwwwoooorrrrkkkkssss....
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Raw Data with Saturation
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Effective Demand

¥ WWWWoooouuuulllldddd    lllliiiikkkkeeee    ttttoooo    bbbbeeee    aaaabbbblllleeee    ttttoooo    pppprrrreeeeddddiiiicccctttt    wwwwhhhhaaaatttt    tttthhhheeee
ÒÒÒÒffffiiiinnnnggggeeeerrrrssssÓÓÓÓ    llllooooooookkkk    lllliiiikkkkeeee    wwwwhhhheeeennnn    tttthhhheeeeyyyy    ccccaaaannnnÕÕÕÕtttt    bbbbeeee    sssseeeeeeeennnn    iiiinnnn
tttthhhheeee    CCCCPPPPUUUU    uuuuttttiiiilllliiiizzzzaaaattttiiiioooonnnn    ddddaaaattttaaaa....

¥ WWWWeeee    ccccaaaannnn    ddddoooo    tttthhhhiiiissss    wwwwiiiitttthhhh    aaaa    mmmmuuuullllttttiiiivvvvaaaarrrriiiiaaaatttteeee    ssssttttaaaattttiiiissssttttiiiiccccaaaallll
mmmmooooddddeeeellll....

¥ TTTThhhhiiiissss    iiiissss    oooouuuurrrr    ffffiiiirrrrsssstttt    ÔÔÔÔrrrraaaabbbbbbbbiiiittttÕÕÕÕ    !!!!!!!!
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Predicted Signature
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Capacity Metrics

¥ TTTTyyyyppppiiiiccccaaaallll    wwwweeeebbbbssssiiiitttteeeessss    ccccoooolllllllleeeecccctttt    ccccuuuubbbbiiiicccc    lllliiiigggghhhhtttt----yyyyeeeeaaaarrrrssss    ooooffff
ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    ddddaaaattttaaaa    ddddaaaaiiiillllyyyy

¥ BBBBuuuutttt    wwwwhhhhaaaatttt    iiiissss    tttthhhheeee    ddddaaaattttaaaa    ttttrrrryyyyiiiinnnngggg    ttttoooo    tttteeeellllllll    uuuussss????

¥ RRRRaaaawwww    ddddaaaattttaaaa    iiiissss    lllliiiikkkkeeee    rrrraaaawwww    bbbbuuuuiiiillllddddiiiinnnngggg    mmmmaaaatttteeeerrrriiiiaaaallll

¥ TTTToooo    bbbbuuuuiiiilllldddd    aaaa    bbbbuuuuiiiillllddddiiiinnnngggg,,,,    yyyyoooouuuu    nnnneeeeeeeedddd    aaaa    bbbblllluuuueeeepppprrrriiiinnnntttt

¥ AAAA    ppppeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    mmmmooooddddeeeellll    aaaaccccttttssss    lllliiiikkkkeeee    aaaa    bbbblllluuuueeeepppprrrriiiinnnntttt

¥ PPPPrrrroooottttoooottttyyyyppppeeee    ccccaaaappppaaaacccciiiittttyyyy    mmmmooooddddeeeellll    bbbbuuuuiiiilllltttt    wwwwaaaassss    iiiinnnn
EEEEXXXXCCCCEEEELLLL////VVVVBBBBAAAA



© 2000 Performance Dynamics Companyª 17

Long Term Web Capacity

Nonlinear
Regression
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E10K@333 MHz Headroom

¥ CCCCuuuurrrrrrrreeeennnntttt    55552222----wwwwaaaayyyy    ppppeeeeaaaakkkkiiiinnnngggg    aaaarrrroooouuuunnnndddd    99995555%%%%    uuuuttttiiiilllliiiizzzzeeeedddd

¥ PPPPeeeeaaaakkkk    ttttoooo    AAAAvvvvgggg....    UUUUccccppppuuuu    rrrraaaattttiiiioooo    ~~~~    1111....3333

¥ PPPPrrrreeeeddddiiiiccccttttssss    tttthhhhaaaatttt    ppppeeeeaaaakkkk    uuuuttttiiiilllliiiizzzzaaaattttiiiioooonnnn    wwwwiiiillllllll    ccccoooonnnnssssiiiisssstttteeeennnnttttllllyyyy    hhhhiiiitttt
111100000000%%%%    bbbbyyyy    eeeennnndddd    ooooffff    SSSSeeeepppptttt    ÔÔÔÔ99999999

¥ TTTThhhhiiiissss    iiiissss    nnnnooootttt    nnnneeeecccceeeessssssssaaaarrrriiiillllyyyy    bbbbaaaadddd

¥ BBBBuuuutttt    bbbbeeeewwwwaaaarrrreeee    tttthhhheeee    SSSSMMMMPPPP    WWWWaaaallllllll!!!!
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Server Growth Model

¥ EEEExxxxppppeeeecccctttt    sssseeeerrrrvvvveeeerrrr    ccccaaaappppaaaacccciiiittttyyyy    ccccoooonnnnssssuuuummmmppppttttiiiioooonnnn    ttttoooo
eeeexxxxcccceeeeeeeedddd    ssssiiiimmmmpppplllleeee    lllliiiinnnneeeeaaaarrrr    ggggrrrroooowwwwtttthhhh....    AAAAssss    iiiissss    eeeevvvviiiiddddeeeennnntttt
iiiinnnn::::
Ü    BBBBuuuussssiiiinnnneeeessssssss    ggggrrrroooowwwwtttthhhh    eeeexxxxppppeeeeccccttttaaaattttiiiioooonnnnssss    ((((yyyyoooouuuu    wwwwaaaannnntttt    tttthhhhiiiissss!!!!))))

Ü    NNNNeeeettttwwwwoooorrrrkkkk    bbbbaaaannnnddddwwwwiiiiddddtttthhhh    mmmmeeeeaaaassssuuuurrrreeeemmmmeeeennnnttttssss    ((((MMMMRRRRTTTTGGGG))))

¥ CCCCoooommmmppppoooouuuunnnnddddiiiinnnngggg    oooorrrr    eeeexxxxppppoooonnnneeeennnnttttiiiiaaaallll    mmmmooooddddeeeellll

¥ OOOOnnnnllllyyyy    aaaa    ssssiiiinnnngggglllleeee    ppppaaaarrrraaaammmmeeeetttteeeerrrr    iiii....eeee....,,,,    ggggrrrroooowwwwtttthhhh    rrrraaaatttteeee

¥ UUUUsssseeee    EEEEXXXXCCCCEEEELLLL    ttttrrrreeeennnnddddiiiinnnngggg    ffffaaaacccciiiilllliiiittttyyyy
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Initial Fit to Data

Web DB Server
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Growth Rate

¥ FFFFiiiitttt    ttttoooo    7777    wwwweeeeeeeekkkkssss((((WWWW))))    ooooffff    eeeeffffffffeeeeccccttttiiiivvvveeee    ddddeeeemmmmaaaannnndddd    ddddaaaattttaaaa

¥ WWWWeeeebbbb    DDDDBBBB    sssseeeerrrrvvvveeeerrrr    ggggrrrroooowwwwtttthhhh    rrrraaaatttteeee    ====    0000....0000333300009999

¥ DDDDoooouuuubbbblllleeeessss    eeeeaaaa....    LLLLoooogggg((((2222))))////0000....0000333300009999    ====    5555....6666    mmmmoooonnnntttthhhhssss    !!!!!!!!

¥ 11110000    ttttiiiimmmmeeeessss    ffffaaaasssstttteeeerrrr    tttthhhhaaaannnn    DDDDPPPP    wwwwoooorrrrkkkkllllooooaaaaddddssss

¥ 4444    ttttiiiimmmmeeeessss    ffffaaaasssstttteeeerrrr    tttthhhhaaaannnn    MMMMoooooooorrrreeeeÕÕÕÕssss    LLLLaaaawwww

¥ AAAAggggrrrreeeeeeeessss    wwwwiiiitttthhhh    ooootttthhhheeeerrrr    ddddaaaattttaaaa    aaaatttt    tttthhhhiiiissss    wwwweeeebbbbssssiiiitttteeee

¥ TTTThhhhiiiissss    iiiissss    oooouuuurrrr    sssseeeeccccoooonnnndddd    ÔÔÔÔrrrraaaabbbbbbbbiiiittttÕÕÕÕ    !!!!!!!!!!!!
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Server Bankrupcy

Now 6 mths 1 Year 18 mths
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More Realistic Scaling

¥ UUUUsssseeeessssuuuuppppeeeerrrr----sssseeeerrrriiiiaaaallll    ssssccccaaaalllliiiinnnngggg    mmmmooooddddeeeellll    ((((PPPPPPPPAAAA    CCCChhhhaaaapppp....    6666))))

¥ SSSSSSSS    mmmmooooddddeeeellll    hhhhaaaassss    2222----ppppaaaarrrraaaammmmeeeetttteeeerrrrssss::::
Ü    SSSSeeeerrrriiiiaaaallll    ccccoooonnnntttteeeennnnttttiiiioooonnnn    ((((s))))    eeee....gggg....,,,,    mmmmuuuutttteeeexxxx    lllloooocccckkkkssss

Ü    CCCCoooohhhheeeerrrreeeennnnccccyyyy((((l))))    eeee....gggg....,,,,    ccccaaaacccchhhheeee    ffffeeeettttcccchhhh    ((((rrrroooollllllllooooffffffff    ffffaaaaccccttttoooorrrr))))

¥ 66664444----wwwwaaaayyyy@@@@444400000000MMMMHHHHzzzz    MMMM----vvvvaaaalllluuuueeeessss    ffffiiiitttt    ttttoooo    SSSSSSSS    mmmmooooddddeeeellll
Ü    CCCCoooonnnntttteeeennnnttttiiiioooonnnn::::    s    ====    0000....0000000066661111    ((((hhhhaaaallllffff    aaaa    ppppeeeerrrrcccceeeennnntttt))))

Ü    CCCCoooohhhheeeerrrreeeennnnccccyyyy::::    l    ====    0000....0000000011116666    ((((aaaa    ffffiiiifffftttthhhh    ooooffff    1111    ppppeeeerrrrcccceeeennnntttt))))

¥ 66664444----wwwwaaaayyyy@@@@444400000000MMMMHHHHzzzz    ttttyyyyppppiiiiccccaaaallll    OOOORRRRAAAACCCCLLLLEEEE    ddddaaaattttaaaa
Ü    CCCCoooonnnntttteeeennnnttttiiiioooonnnn::::    s    ====    0000....000033330000    ((((aaaabbbboooouuuutttt    3333%%%%))))

Ü    CCCCoooohhhheeeerrrreeeennnnccccyyyy::::    l    ====    0000....000000002222    ((((aaaassssssssuuuummmmeeee    tttthhhhiiiissss    ddddooooeeeessssnnnnÕÕÕÕtttt    cccchhhhaaaannnnggggeeee))))

¥ RRRReeeeccccaaaallllccccuuuullllaaaatttteeee    MMMM----vvvvaaaalllluuuueeeessss    uuuussssiiiinnnngggg    SSSSSSSS    ppppaaaarrrraaaammmmeeeetttteeeerrrrssss

¥ RRRReeeedddduuuucccceeeessss    hhhheeeeaaaaddddrrrroooooooommmm    eeeessssttttiiiimmmmaaaatttteeeessss

¥ SSSShhhhoooorrrrtttteeeennnnssss    tttthhhheeee    pppprrrrooooccccuuuurrrreeeemmmmeeeennnntttt    mmmmiiiilllleeeeppppoooossssttttssss
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Server CPU Upgrades: II

¥ UUUUppppggggrrrraaaaddddeeee    ppppaaaatttthhhhssss::::
1 AAAAdddddddd    mmmmoooorrrreeee    CCCCPPPPUUUUssss    ((((55552222----    ttttoooo    66664444----wwwwaaaayyyy    @@@@    333333333333    MMMMHHHHzzzz    ++++    4444MMMMBBBB    ccccaaaacccchhhheeee))))

¥ EEEExxxxppppeeeecccctttt    6666%%%%    hhhheeeeaaaaddddrrrroooooooommmm    ggggaaaaiiiinnnn    ((((ccccffff....    11115555%%%%    pppprrrreeeevvvviiiioooouuuussssllllyyyy))))

2 FFFFaaaasssstttteeeerrrr    CCCCPPPPUUUUssss    ((((333333333333    ttttoooo    444400000000    MMMMHHHHzzzz))))    iiiinnnn    aaaa    55552222----wwwwaaaayyyy    ccccoooonnnnffffiiiigggg

¥ EEEExxxxppppeeeecccctttt    33332222%%%%    hhhheeeeaaaaddddrrrroooooooommmm    ggggaaaaiiiinnnneeeedddd    ((((ssssaaaammmmeeee))))

3 DDDDoooo    bbbbooootttthhhh::::    66664444----wwwwaaaayyyy@@@@444400000000MMMMHHHHzzzz    ++++    8888MMMMBBBB    ccccaaaacccchhhheeee

¥ EEEExxxxppppeeeecccctttt    ====>>>>    33339999%%%%    hhhheeeeaaaaddddrrrroooooooommmm    ggggaaaaiiiinnnneeeedddd    ((((ccccffff....    55552222%%%%    pppprrrreeeevvvviiiioooouuuussssllllyyyy))))
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Realistic Growth
CPU Upgrade Scenarios - Realistic
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Summary

¥ UUUUsssseeee    mmmmuuuullllttttiiiivvvvaaaarrrriiiiaaaatttteeee    rrrreeeeggggrrrreeeessssssssiiiioooonnnn    ffffoooorrrr    sssshhhhoooorrrrtttt----tttteeeerrrrmmmm    eeeeffffffffeeeeccccttttssss
Ü    DDDDaaaaiiiillllyyyy    ddddaaaattttaaaa    ccccoooolllllllleeeeccccttttiiiioooonnnn    aaaannnndddd    EEEEffffffffeeeeccccttttiiiivvvveeee    DDDDeeeemmmmaaaannnndddd    mmmmooooddddeeeellll

Ü    WWWWeeeeeeeekkkkllllyyyy    ssssuuuummmmmmmmaaaarrrriiiizzzzaaaattttiiiioooonnnn

¥ UUUUsssseeee    nnnnoooonnnnlllliiiinnnneeeeaaaarrrr    rrrreeeeggggrrrreeeessssssssiiiioooonnnn    ffffoooorrrr    lllloooonnnngggg----tttteeeerrrrmmmm    eeeeffffffffeeeeccccttttssss
Ü    UUUUsssseeeedddd    wwwweeeeeeeekkkkllllyyyy    ssssuuuummmmmmmmaaaarrrriiiieeeessss    ffffoooorrrr    ggggrrrroooowwwwtttthhhh    mmmmooooddddeeeellll

¥ SSSSeeeeeeee    CCCChhhh....6666    iiiinnnn    TTTThhhheeee    PPPPrrrraaaaccccttttiiiiccccaaaallll    PPPPeeeerrrrffffoooorrrrmmmmaaaannnncccceeee    AAAAnnnnaaaallllyyyysssstttt,,,,
MMMMccccGGGGrrrraaaawwww----HHHHiiiillllllll,,,,    1111999999998888....

¥ IIIIffff    yyyyoooouuuuÕÕÕÕdddd    lllliiiikkkkeeee    ttttoooo    lllleeeeaaaarrrrnnnn    mmmmoooorrrreeee    aaaabbbboooouuuutttt    tttthhhhiiiissss    kkkkiiiinnnndddd    ooooffff
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