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A Dynamic Throughput Improvement based on
Inter-Process Trade of CPU Time and Memory

TA1cHT OKAMOTO,t ATUSI MAEDAt and YOSHINORI YAMAGUCHTIY

There are some class of programs that can improve their throughput by adding more mem-
ory; e.g. programs which cache computation results on memory, or programs using garbage
collection. It is non-trivial to allocate memory optimally for multiple instances of programs
that have time-space trade-off.

In this research, we show that, under certain assumption, it is possible for two processes to
improve mutual throughput by trading their CPU consumption rate and memory pages. We
also give a model and an implementation framework to dynamically optimize the systemwide
allocation of CPU and memory. This framework includes an API to monitor throughput and
resource allocation of each process. An external agent computes appropriate rate of resources
and mediate trade, and thus optimize resource allocation automatically.

We implement this framework to Apache HT'TP Server and Redis, a key-value store.
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TbH 3,

5.7 BRZBETFILOEESD

I FCTHRAAFME T VE LD, HWEE



$530 TRTSIVS-LURTH L 20124

/////

o // / ﬁmeasecpu
277 // /// Resource ratio

v

///

atchl

-

Process Group H

Process Group L

%

///Releé CPU

/717777

Get CPU /////%////

7

///

Piower

13
-

Release CPU
y

Ideal situation

Get CPU Resource ratio

[
+ Cost to reduce memory —
-
>
o e e f/’
+ Quantization error « <—ﬁ>
>

T

53
eg. 35 362

14 iR TND X A =X L

3.78 4.0

BTz, AficIR2OEFAVZM-oTEHEEZTTD
%, ZOHEFZHUCEIT 2EFEEANL—T Y FDOE
ftix, Ar—7v b% T(C,M) (C & CPU {f=E
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Apache HTTP Server
Resourced
Agent
ey
Exchange
Redis (KVS)

Agent

B15 =—Yxr b eV Y —R7T—ErDILEH

o Tu—7 D

o Ty F A=A DEE

D EDDD 7 —7DREN, 7 ute ADEIRELY
ZEMEHL, £ 2ETH S, TR
BRI 2L 720, ALv—Ty F OERZIT
1EIT S ERINGEERE 217\, BIR O Gz #utt
ek, ZOEIIT 7V 75— a vy T EI/EK
ENBI—Yxv LT LR TZPTYr—va
VIR TN —F v E LTHEETEIRETH S,
T TV = avitBuT, —fRICAL—T
F OB TR WD TH S, e, OSLEDN
W6 7075 AORD IR BILET L EICk
TAN—=7y b ZIET 2 L3RR 7-DTLH 3,
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Efh) 37075080 T, BHES2ZEZL 52
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I—Y v MEEROHEI D Tbh AT,
FEWIIC X =) HRZ RIS TAL—7"y FDZE

16

loop
/l T—EVoT—8%E

data = recv()

if data false then
/[l T EZETETHEWL

mode = trigger() // RO %#
if mode == ‘wait’ then
// Rt

isleep() // 2L T D
else if mode ==
// EERRER
search() // WEfHHRER

‘localsearch’ then

ratio =

// SR % 7 — ' v NGRS
send(ratio)
endif
else
/] T—YERZETE
enforcer(data) // ¥ L \>EIFAL % i
ratio = search() // TR
/7 AR T — 8 v N E
send(ratio)

endif

endloop
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nrzNE16 EE17 ISR L .
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isleep X ¥V v Fld TCP/IP @ Binary Exponen-
tial Backoff & 7z 7L 3 R A%EHWT, FE%21T
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bd = init() // Wz

loop
/] T—=Y VDo T—Y%E
while data = recv() do
update(data, bd) // #%BHT

endwhile

if is_update_board() &&
pair = match(bd) then

/] WBEFHIN T3
/1 DOBRD Y F v TR
vols = volume(pair, bd) // ZIHmEDPIE
/] FLOEREZ RGO -2 = v MdEh
send(vols, pair)

else
/] RBEFH IR Tk vhey F o 7IckK
isleep() // L T LD

endif

endloop
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1) The Apache HTTP Server Project, https://
httpd.apache.org/.

2) Free VMware vSphere Hypervisor: Bare
Metal Hypervisor (Based on VMware ESXi),
https://www.vmware.com/products/vsphere
-hypervisor/overview.html.

3) memcached - a distributed memory object
caching system, http://memcached.org/.

4) MySQL ::
source database, https://www.mysql.com/.

5) nginx news, http://nginx.org/.

6) PHP: Hypertext Preprocessor, http://www.
php.net/.

7) Redis, http://redis.io/.
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