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Abstract the system, service facilities may have inputs from multi-
ple facilities and outputs to multiple facilities. We assum

Enterprise-wide distributed computing systems are inhegll input and output processes are Poisson processes dnd tha
ently stochastic and the performance management of digerged or split Poisson processes are still Poisson pregess
tributed applications running on the top of DCS is a comAs an example, we modeled the distributed application (with
plex and computationally hard task. In this paper, we deprocess flows) described in [1] with tliackson Networkn
fine the enterprise distributed application and provideugie Figure 1.
ing analysis on the relationship between the applicatioele
performance parameters and the network and computer sys-
tem parameters. We also provide a binary integer program-
ming (BIP) model and a case study on how to allocate appli-

cation components across an enterprise local area network.
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1. Distributed Application and Network M odel
We model the network asodesand connections The %@mj

nodes include computers and other network switching appa-
rﬁtus. ﬁ con?eﬁtion_lir(}l_(s a %air ofhnodles, Ial?.d kcan %e dri]rect
through one link, or indirect through multiple links and et i i ot ;

nodes. Nodes can be used to distribute application compo- F/:ggé? 1. An Application Queueing Network
nents, but only some dedicated server machines are used for

this purpose. We call these dedicated server mactdises
tributing nodes For all distributing nodes, we assume that

a connection or route exists between every pair of nodes. _ o o

Two nodes may be connected through one or more switch- The average response time of a distributed application can
ing nodes and links. A link is described by its bandwidth obe given through Little’s Law? = N /), where) is the ar-

data rate. . . _ rival rate of the customer requests alds the average num-
We define following parameters in our model: 1) Nod&er of customer requests in the application system. We as-
memory size is described dd EM S; for nodei, 2) Aver-  gume ) is a known parameter and we need to resolve the

age disk 1/O time is described d©T; for nodei, 3) A link Nt ; :
; ; : : . : o calculate the average sojourn time for a customer re-
¢ Is described by its bandwidt;, 4) A routerr is described guest in the system. Because the series of queues include

gﬁifgsﬁféejrv}ageigg%ﬁ%d d53 'r?eri%%l/cglraﬂ g?nrgpg)n.?.ﬁterea'ver_q ueues at nodes and connections between nodes, we can write
a ’ \T N7 N7

age CPU time for componeaton node; is described as|,,, = Nnope + Nconn, WhereNNopE is the average
7) K, denotes the average number of visit to disk 1/0O fonumber of customer requests in node queues,Eagyy
component: to execute a transaction job, 8) Current CPUS the average number of customer requests in connection

utilization U; (C'PU) for nodei, 9) Current disk utilization qugl]{ves- Quet;lemg analr)]/sis is then used t?j C?|Cllgazf€DE «

e - ' andNconn based on the parameters we defined above (de-
Ui (dZ,Sk) for nodei, 10) (;grrent memory' usagﬂ'EMz'for tailed queueing analysis are omitted here to save space).
nodei, 11) Current loady, in packet per time unit for link,

12) Current utilizatiorl/. for routerr.

)VVe now discuss the mapping of response time to netwo#& The BIP Model and Case Study
and system parameters. We model a distributed application
system as an open queueing network. These include nodeA binary integer programming (BIP) model for the de-
queues and connection queues (note a connection may fleyment of application components over a given local area
clude multiple links and routers). For simplicity, we modelnetwork is given is this section. Our objective is to minimiz
each service provided by nodes and connections\dg® /1  the response time of the application. Following constmint
gueue, and we call each node or connectiaemvice facil- must be satisfied by the optimized deployment pattern: 1) A
ity. We assume the whole application system to lmeaako- component can only be deployed to one node, 2) Node CPU
vian systenmwhich means the distributions of the inter-arrivalutilization can not exceed 1, 3) Node disk utilization can no
times and service times are exponential distributionsgPoiexceed 1, 4) Node memory usage can not exceed node to-
son) that exhibit the markov (memoryless) property. Withirial memory size, 5) Average load on each link can not ex-




ceed the link bandwidth, 6) Router utilization can not extee
1

"We defineM x N decision variables, wheré/ is i=1 j=1,(j#i) a=1b=1,(b#a)
the number of components for an application aNdis ) . .
the number of distributing nodes in the network. We de- e provide a case study to illustrate our model with the
fine z,;, = 1if component is assigned to node and Ethernet LAN shown in Figure 2. There are four distribut-
Z.; = O0otherwise. The completeness constraint speddd nodes N1-N4 and we assume that there are three applica-
ifies that each component is assigned to one and orf{gh components. We assume that the arrival rate of customer

one node, and that all components in the applicd€quests))is 2 requests per second. Other correspondent pa-

- . N _ . rameters are omitted here to save space.
tion are assignedy_;_, z.; = 1. The run time mem- "“\yo 516 ysing the GAMS (General Algebraic Modeling

ory usage constraint for each nod,ecan be described system) [3] package to solve this problem. As our objective
as Y ,_,1%asi X MEM, + MEM, < MEFEMS,. functionisabinaryintegernon-linearfunction,the asated
The run time CPU and disk utilization constraintssolver is SBB/CONOPT2. SBB (Simple Branch and Bound)
for each nodei can be described a$/;(CPU) = IS b?]s%dkon ac?mbmatloréof the stiamdard branch and boudnd
M _ _ / method known from mixed integer-linear programming an
2 a=1 Tai X U%(OPU) + U;(CPU) , < 1 and nonlinear programming solvers (e.g., CONOPT2). GAMS
Ui(disk) = > . 2ai x Uqi(disk) + U;(disk) < 1, solved this problem with 641 iterations and 18 B&B nodes.
where U,;(CPU) and U,;(disk) denote the utiliza- According to the GAMS output, the optimized response time
tion of CPU and disk for component on nodei. At is1.673swithc(C1, N1),z(C2,N4),2(C3,N3)equalto 1.
network level, the constraints specify that each link's avThis tells us that for the given scenario, we can achieve a re-
erage load can not exceed the link bandwidth and routsponse time of 1.673 seconds if we deploy component C1 on
utilizations can not exceed 1. We require two auxiliary panode N1, C2 on N4 and C3 on N3. Interestingly, if we Set
rameters to describe these constraints. For a link, we defit@0.5, all components are allocated to node N4 with achiev-
v;;(1) = 1iflink [ is on the route from nodéeto node;  able response time 0.9412s; if we seto 1, the allocation
and v;;(I) = Ootherwise. For a router, we definePattern isClonN1, C2 ?n N4 and Cﬁ on N4 Wifth acglievable
R S ; i . response time 1.2182s; if we seto 4, there is no feasible so-
wi;(r) = Lif routerr is on the route from nodgto node;j | ion This'tells us two things: 1) the allocation pattesrie-
and w;;(r) = 0otherwise. if we assume a route can

be defined through a routing algorithm or the topol-
ogy of the network,v;;(l) and w;;(r) are known pa- % % % %

rameters ifi and j are given. The link constraint can
be described as below (note # i represents the case
when two components are allocated to different nodes): e % =

Load; = 3,7, ZjN:L(j;éi) ath Zl])\iL(b;ﬁa) COM Mg x

Tai X Xp; X v (1) + fyl' x V, < B;, where COM M, ol @

is the communication data rate from componemt e
to componentb, v, denote the average load in pack- i i
ets per time unit on linkl before the deployment of = E s

application and V; is the average packet size. The

router utilizati]c\}n C(])Vnstraint cl\%n b% described as be- Figure 2. An Example Network

low: Uy = > i1 2501 () 2aam1 Dob=1,(ba) Ur(ab) X

Tai X xp; X wij(r) + U, < 1, whereU,.(ab) is the utiliza-

tion of routerr for the process flow between component pendent on the arrival rate of customer request; 2) the cur-

andb, andU;, is the utilization of router before the deploy- rent network and application configuration can not support a

ment of application. heavy customer load (e.g., 4 requests per second). Some solu
Our objective is to minimize the response time of the disions for the second issue include upgrades of hardware to in

tributed application. To achieve this, we must find the avé'éase the service rate and duplicate application compisnen

erage number of customers in the whole application sy& Palance the customerload.

tem. By using the decision variables, we define the aver- .

age number of customer requests on nodes\asopy = 3. Conclusions

N M N N .
zf:izl tZazl Nai X J:[‘“f where Ny ls‘;[he aa/e_ra_grﬁ number _We formulated a stochastic analysis of the mapping of dis-
or customer requests for componenbn noae:. 1ne aver-  ihted application response time to network and computer
age number of customer request on connections is defing

_ N N o by ™ rameters. We also provided a non-linear binary integer pr
aSINCONN = D imy D i1 (joi) Soamt 2obet (ba) Naibj X gramming model for allocating application components over
Zai X T3, WhereN,,, is the average number of customer re-2 LAN to minimize response time. The allocation pattern is

quests from componentto componend if componentia is dependent on the arrival rate of customer requests.
assigned to node and componenk is assigned to nodg.
The objective function is written as below: References
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