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Changes and Thanks

Changes for this edition....
« An index was added.

« Processor performance section was revised 10 expand the application of the
Erlang-C formula.

» Added a section to discuss growih.
» Updated the CP380 example to include I/0 analysis.
« Expanded the secticn on Latent Demand.

= Added a section on Sample Selection.

© Copyright IBM Corp. 19809, 1891, 1993 ix



» Correct the relationship between LCU and BCU.

» Added additional formula for predicting the impact on paging when
processor siorage is changed.

» Expanded the appendix on RIOC.
For this edition, miscellaneous clarifications and correclions suggested in part by
reader feedback forms and reviews from:

* Remi Dawalibi of Los Angeles
= Dan Valter of Teronte
= Shelly Weinberg of Los Angeies

All mistakes still contained herein, remain ours.
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Abstract

Resources, in a balanced system, are not independent variabies in determining
system performance. The interrelationship of processing power, I/0 capability,

and processor storage size will determine system performance and along with

performance objectives, their capacity.

This document examines the factors involved in processor and I/O performance
and their interrelationship. What do | expect from these resources? How does the
performance of one affect the other? And how can one size requirements?

@ Copynight iBM Corp. 1889, 1881, 1993 xi
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Chapter 1. Performance Topics

What follows in this document is a discussion of system performance and
capacity planning System performance is difficult enough without any philosoph
ical discussions But, we are faced with a chicken and egg problem. How much
component performance need one know 1o handle system preblems? And. how
can one understand the significance of any componenl performance (ssue
without some system perlormance?

[ have allempled to establish the concept of balanced systems. It represents a
relationship thal exisis between the individual system resources. This relation-
ship will define system performance. Firsl | will discuss the dependance of
system performance on the individual components, then follow that by a dis-
cussion of the performance factors of the individual components, and finally put
the retationship together 1n a sample capaciy plan,

Figure 1. A system Model

|- |
el |

READY#@' BALANCED SYSTEM |

MEMORY QUEuE

. NEMORY & |“"”
SERYICE Al :
e |
0
0
0

Nt/

c O ©

1{0 GUEUVE
SERYICE SERYICE

IDLE

The medel in Figure * represents @ common. though simple. system maodel
which is useful when discussing both performance analysis and capacily plan-
ning. It will act as my 1able of contents for comments on processor and 1O per-
formance, and storage guidelines. | will not consider the network resources
required. End-user response time is defined here as internal (Hosl) response
lme.

From an enca user’s pent of view. none of the model is significant. What is
important s the length of lime from ENTER to EXIT, from the time between the
transaciion entering the sysiem unlil i exits {network excluded). 1| am unhappy
abeut that time, il becomes a problem for systems analysts and capacity plan-
ning pecple

T Copyr ol 1BM Corp 1389, 051, 1507 1



The model serves as a conceplual structure fo analyze a performance probiem.
The model has four basic components

* A memory guele - here the user acquiras memory {frames) in order to
execute instructions and I/0 commands The user has to “get into storage”.

= The Central Frocessor (CP) gueue and CPs - here the user s ready to
execute instructions and queues up for a CP of which there could be more
than ene Response lime of this server ts composed of queueing fime and
senfice time.

« The I/O subsysiem - device gqueueing and device service time.

» A server which | have called "memory service . This service Is used to
replace an /O request with a reguest 1o obiain data from processor slorage,
cither central storage or expanded storage. The fechnigue used may be the
use of Hiperspaces in MVS/ESA,

When the user finishes with the /O service. more CP service is usually required.
The amount of CP service required before an /O reguest will determine the I/0

Inlensity ol the work being done. Evenlually. after some CP service, the reguesl
will be finished. and the user exits,

The delay lor VO service can be reduced by replacing the need for an I/0O opera-
tion wilth 2 memory service Placing data in memory reduces |/O time, measured
in mitliseconds with a memory reference. Data in memory can be accoempiished
wilh zcoess methods such as VSAM by buflering. Access methods such as Data
in Virlual (DIV) and DIV using dala spaces, will aulomalically buffer data in
memory by design  Hiperspaces permit ellicient use of expanded storage Which
ever method s chosen access to data is improved significantly.

The replacement of an VO operation with memeory service. 2 replacement of one
resource wilh another, aibeil obvious. requires that the resource be available. It
makes no sense o allempl to place mere data v memery, in a memory ¢on-
gtrained system.

The performance of lhis "system” is determined by all lour resources. How long
does the user wait belore geiting ail the required storage? How fast is the CP
response ime? The YO response fime? How many CP-1/0 sequences are
required? How much 110 can be replaced with a memory service?

There are some genaral cbservalions abou! this system which can be made

under the "Ferced Flow Law”,

The forcec fiow law 1s the basis of balanced systems. It can be best described as
a plumbing problem describing fluids flowing in a set ol pipes

1 See Quanhitalve Systermr Perfarmance by L2zowska el al,

2 PRBaaanced Sysiems August, 1293
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Z B2

A2 - 15

B3 SINK

Figure 2. A Plumbing Problem

Augues, 1883

Lel's assume thal a Muid is being pumped from the (ap lo the bollom (source to
sink in modelling terms] in Figure 2 What could we do 1o improve the llow
thraugh 1his system? (See how syslams analysis sounds like plumbing?)

Could 1he flow through the B-valves be improved o eblain an improvement In

syslem [low? You should observe that the llow through A-values must EQUAL the

flow through the B-valves We can’l have more Nud flowing through the
B-valves than through Ihe A-valves and the olher way around. Correct” Thal
means 10 improve the TOTAL SYSTEM llow. wo would have 1o insure thal each
of tha set of valves can handle the desired flow The forced flow faw says that

(A1+A2) = (A1+82+83)

Now lock back at the “real syslem model The hrst sel of valves is the CP
sarvice or flow. The sacond sel is the /O subsystem. To imprave the flow
through the enfire system, could we jus! improve the processor service flow
withoul a corresponding or balanced improvement in the I/0 subsysiem? Could
we forge! the amount of slorage required by more work?

Like the plumbing problem, system performance and capacity 1s NOT limited to
one resource. System Performance 1s ALL the Resources In Balance

The responsa expecltation from such a system is characlerized by the graph in
Figure 3 on page § As the rale at which the system processes work (trans-
aclions), the response lime increases and it does this non-lineariy

For lhe capacity planner, the question masl given 1s "How much work can the
system do?” From jus! this char the answer appears 1o be "As much as you
want™. {As lorig as you dan’t mind rotlen response time.} What hapgpens in facl?
As the amoun! of work Increatses, some paint 18 reached which constitules a
user's threshold of pain. Then the phone starts nnging.

Chapler 1, Performance Topics

3



RRRRRRING.

“Hello, system support speaking ~

“What's going on down there? Response time (s */& ~%% — %"
“Who is this?”

The last queslion is significan! The action of the syslem support people will
depend upon the identification of the caller Is it someone who doing priority
work? Priority work requires appropriate action Priorily work runs the business
and {hat work has to get done in a imely manner.

This imphes either an assumed abjeclive or a specified one for given workload
lypes Itis in terms of this objective thal the capacily for a given coliection of
software and hardware is defined. You can see tha! with different objectives, the
same set of hardware and software can have different capacities. Il is not the
hardware and software alone that define capacily, bul those resources in con-
junction with objectives.

When the objectives cannot be mel, ihe sysiem is oul of capacity.

There are three ways to gain the resources needed:

* Buy it

* Create the illusion you bough! if. This is known as tuning. Capability to
do this implies you have been previously washing resources. Like pur-
chasing. there is a cos! The cost s people. while it may be higher. it 1s
always less visible than purchase

« Steal it {lake it from a less importand apphcatian) Again there is & cosf
Here the cost is lower service o the application from whom [he
resources were s{olen’?

: MVS Performance Managernent, by Stebo Friesenborg and Gary Mali. (GG22-9351) Padge .

4 Balanced Systams August, 181



Tracking, Thresholds, modelling... the level

ol

RESPONSE TIME

Sophistication chosen should be understood

THRESHOLD ///

GKWE
Ll STORAGE

/0

CPU

UTILIZATION

Figure 3 The Resaurce Components

What 1o do? From the system model in Figure 1 on page 1. we can see thal the
components of transaction response time are campased of processor (CP or
CPU) and I/O respanse ime, Slorage delay. and olher components * The olher
components, in real syslems, might be logical delays such as ENQ delays or
application gueueing. We will be inlerested in the firsl three components. Scien-
lfic applications aside, /O time can represen! the major poriion of transaclian
time With the advent of Increasing use of Data in Memory (DIM), where the /O
conlent is dramalically reduced by using larger memory, fhe lime spent in CPU
and memory conlenlion Is nol necegsarily less than /O time.

The shape of the compenent in the graph (s Intgnded to illustrate that as the
lransaclion load increases, the responsiveness of the processor or /O is
affected. It is not thal the lransaclion necessarlly uses more processor service
time (TCB + SRB time), but thal the response fime increases Response time is
queueing +service and the queueing time Increases. The lransaciion has 10 wall
to get at a central processor or DASD device

3 God Knows Wnal Fise.

August, 1893
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WHERE IS THERE PAIN?
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Figure 4. Which resource first®

The message so far indicates thal

= Sysiem performance. system flow. is defined in terms of all the individuai
resource performance.
= All work flowing through the sysiem ss notl equally important.

in this breakdewn of T80 {ime (Figure 4) you can see thal all TSO users are not
equally happy and the reason for their unhappiness is different. If the response

time objeciive was one second. how can the response time problem be solved?

For group 3 the problem 1s DASD For group 7 the problem is processor Grouws
1 and 2 are hoping thal you don’t 1ouch anything they never call sysiem supporl.
What 1o do? Well, who is most important? The process, In order, says,

1. Establish Service Level Objeclives. The SLO 1s a negotiated agreemeni, by
business umnil, the response Lime threshold lor a given rate - for a transaction
rate less than N. the response time will be less than T.

2. Ferformance management means understanding pain. Where does it hurt
when the S8LO is not being mel? Where is fime being spent? ldentify the
problem response time component *

4 RMF Monilor 1 does somie of this autamalically, See Figure 21 on page 248,

6 Balanced Systems August, 1993




Balanced Systems Law |

THRUPUT IS LIMITED BY THE
SLOWEST SERVICE CENTER. |

Thruput Limit = 1/Smax
Smax = 250 Ms. service
Limit =1 f 0.25 = 4 per sec.

Figure 5. Balanced Systems Law

August, 1993

One major principle to remember. before we look at each of the rescurces in
turn, is embodied in the Balanced Systems Law. This iaw stales thal the
throughput of a forced flow system is limited by the slowest service center. For
example, consider an inleractive system which required each transaction to do
10 1/O operations 1o 2 specific dalaset. Al 25 ms. per I/O. each fransaction would
require 250 ms. of /0 service {Smax is the maximum ifransaction service al this
server). How many transactions per second can the system do? Four. That's
without knowing the size of the processor. the amount of slorage. or anything
else about this system. interesling, no?

Lat's look at each of the resources in furn and attempt to understand the factors
which delermine the responsiveness of a resource {or server).

Chapter 1. Performance Topics 7



The Processor

PROCESSOR PERFORMANCE FACTORS

o Speed of CP

[-_-] o Number of CPs
o Service time
S 0 0 Arrival pattern
__>jﬂ, Z 0 Number of users
P QUELE o Domain contral
!::] o Priority
& SIRVICE o Time slicing

Figure 6 CP Performance

8

Anlancea Systems

The faclors which determine CP respoasiveness are the same for many sarving
mechamsms Most familiar 1o us i1s a bank Wha! faclors cenlnibule o our expec-
tations for “teller” response time?

« Hopw fas! are the tellers?

* How fast are customers arriving? [Espacially belore | get there )
*» How many tellers are serving?

» What kind of transaclions are being executod?

* HMow many cusiomers are there?

The performance analysis for this probklem |s the sama as thal of ihe processor
response time. The factors hsted in Figure 6 are the same The factors are
peneric

In MVS software, there are contrals which can be usad o delermine who gels
ACCESS 10 processor service  To follow the bank analogy 1o obtain the iliusion ol
geod service 1n the bank [the processor} we place a guard (the 3RM) at the
door 1o stiff-arm people Only a conirolled number gel inlo the bank Inside he
bank wailing 1s short and the lobby Is nol crowded However the guard does jef
his friends in first. Not everyone i1s equal The determination of [riends in soft-
ware 1s done by domain. And even once in line for service 11 1s done in prorfy
mode The imporian! go 1o the front of the ine CF service Is nol 3 democracy

August, 1293




AN UGLY QUEUING THEORY FORMULA

0 LRLANG'S C FORMULA (M/M/C) FOR
PROBABILITY OF C SERVERS BUSY

e . C-1 N |
Clc,u) = iy [ ET+(1—p)X— } )

, Where u=tota! traffic
! p=Avg. Utilization

o |
| Cll,u) = p

| C(2,u) = (2p7)+(1+p) |
| C(3,u) = (9p3)=(2+4p+3p?) |
‘ C(4,u) = (320%):(3+90+12p2 +Bp3) I

Figure 7. Queueing Theory

Queueing theory formulae which describe serving behavior can be very simple.
The formulae shown in Figure 7 are very menacing since they have {o concern
themseives with mulliple servers. These formulae and thelr assumptions will be
the basis of my performance expectalions For those weak of heart, | suggest
you pass on lo the next page whiie those heartier souls review the formulae

The first formula estimates the probability that the servers will be busy al any
time. That's Clc.u) Where “¢" is the number of servers and "u” is the traflic
intensity. The Greek letier p 15 the average server vtilization (u/c). Fora
single server {c=1) the fermula reduces to C{1.u}= p and for two servers
(¢=2) the formula yieids C{2.u)= (2xp*x2)*(1+4p).

If. for a single server, the server 1s 50% busy, the formula says that, as
expected, the probability of finding the server busy is 0.5, Intuition would say
that if there were 1wo servers. both 50% busy. the probability of finding both
busy would be 0.5°0.5 or 0 25. The formuila says it is 0.33. How come? |t has to do
with the assumptions. How many users are there? How do they arrive? For
example, If there were only one user, the probability of finding the 50% utilized
server busy would be 0.0! lI's not busy when the cne user is not using it

i See Table 5 Probabiily, Statisties, and Queuemng Theory by Arnold Allen, Watch the "C™ and "¢”, they mean different things.
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Figure 8. Response Time Calculation Mildic

The introduction of the Cic,u) formula was necessary to develop a formula for
response time.® Given the amount of Service (S) requested by a business unit,
we want to know the processor response time for this request given the cother
activity in the system.

We need to know the probability that the business unit will find the server{s)
busy when ready Ic use the server and the average service for the business unit.
C{c.u) is used for that. For the expected amount ¢f service E[S] one could use
the total CPU service lime reporied in RMF or SMF divided by the number of
transaclions. Figure 8 shows the formula which will be used in the next three
examples.

Example 1 is in Figure 8 on page t1. Lel’s assume that one is inlerested in an
estimate of the processor response time seen by the DB/DC workload at various
uiilization or growth points. In this example, there is some higher priority work
which uses an average of 16% of each CP. The DB/DC workload is currenily
using about 12%.

Note that there is iower priority work in the system, but the DB/DC calculation
doesn’t bother with fower priorily workloads. Why? Because the dispatcher uses
a preemptive priority scheme. This effectively eliminates any interference from
lower priority work. As mentioned earlier. important work jumps to the appro-
priate place in line. In this example, not to the front but ahead of fower priority
work. This means that the DB/DC workioad will see the servers busy any where
from 16% to 28%. That’s the lower boung of only the higher priority work, 1o a

6 The use of capital "C™ and smal! case "c”in these formulae occur in the hterature. Why? Cne reason could be that this is
another methes of torture invented by academics. You know whal haopens in a chalk teiv, don’t you” As the talk goes on, ke
small "c” gets bigger. ang the big "C” gets smaller.
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higher bound of the sum of higher prigrity wark and OB/OC itself. For this calcu-
lation, the higher bound will be used

Assume a DB/DC service trme of 0075 seconds and a growth rate ol 25%
Figure 8 shows the expecicd processor response iime versus utilizalion where
the utilizalion slans around 28% and goes {o B5%.. The processor is a 9021-640
which has 2 CPs

There doesn’t seem lo be much of a concern untll the utidizalion goes over 85%
The service time is plotied a1 a constanl 0075 The true response time 1s in the
shaded area somewhere Why only samewfiere? Remember our discussions
earlier about the factors affecting mulliple server response vme? Such as dif-
ferant distribulions. The assumptions here are all thal gees with the M/M/c
theory

You could use your RMF Monitor Il or Omegamaon o help calibrate the esh-
maltion

]

Q0

0

=0_

Y

o,

0T T s w10 e

UTILIZATION

Util Growth Services

woep ke |l lightt 167 207
DB/DC 127 267 L0075

i Lower

9021-840012)

Figure 9. Example |

Augus!, 1983

Example 2 15 in Figure 10 on page 12 Here lhe formula s used direclly lo
campare three processors The processars have a dilferent number of CPs and
the total power is differen! The purpose of s example s to examine the
Irade-off of response time and Ihroughput The base processor is the 8021-840
The service lime is 002 seconds To adjust the service {ime for the other
processors, | used lhe average power per CP campared to the base processor.
Although the 3030-600S has more power 1han the 640, the power per processor 18
less Hence the service time is longer

Notice that at low ulilizations. the response time 15 nearly identical io the service
time Also notice thal the lines converge at very high utilizalions where the
amount of queueing Is large enough lo over come any service time differences.
Unlil very high utilizations, the 3090-8005 never calches up. The situalion for the

Craoter 1. Performance Topies 11



8124-742 with 4 CPs is different Al around 80% the queueing on the 2 CP 840

becomes larges more rapidly than the 4 CP 742 In facl the lines cross {albeit a

tiny difference and probably not empirically detectable) This raises the possi- \.
bility thal slower CPs might do belter if there's enough of them

| The significance of all of this will depend upon the impact on total respanse time
| Usually. the end user would not detect a change in processor response fime In

| the order of 0.02 to 0.05 secands. However the difference in iolal power for these
| machines could be significant to throughpul. That's shown in Figure 11 on

| page 13 This is essentially the same data as the previous figure except the utili-
| zation for each processor has been converted to transaclion rate, Here the

| 9121-742 leads the pack with throughput at higher ulilizations even though it was
| slightly behind the B40 in response ime at lower utilizations,

| Clearly this set of graphs is dependen! upon the modeis chosen in the compar-

i ison.?
M
' B/M/c ERLANG RESPONSE TIME }
o PBose Service
h.120
- = 3080-5005, &5 CPy, W=4570
= 0.100] o 9121-742, 4 CFs, W=487D ;
e — 3021-540, 2 CP3x, W=40G0 |
e 0.080 |
- 4
S |
&
wi 1 080
[= =
[~ 4
& .
10,040 |
g - ——
€3 | e e oam e e e == A m—
ol L SR UUT ORI S L il
0.00¢ T T T T T T | I | T 1
0 10 20 3o 4D 50 B0 70 30 90 {100
UTILIZATION

?é?!éwﬂ
XRLSPRED] £PeQ CPITOD}

| Figure 10. Example 2

l oA generalized faclity can bie found in CP22 on HONE for |IBM SEs and o0 tBMLIN as g sorvice to cuslomers,

(2]
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| Figure It Exampfe 2 Continued

® THE COST OF M?

~K—8C1 BAT —6—COM BAT ——CIC$ —&—T30 —0-DB2 ——1IM§

8
[ D
5 ]

‘| ~

UP:MP RATIO

N WAY

Figure 12. MP Overhead

Before icoking at Example 3, iet’s look at the daia for MP overhead. Will a 2 CP
' configuration be twice as fast as a 1 CP configuration? It will be close, bul not
exaclly twice. As the number of CPs in a rnachine increase, the overhead
increases. The CPs not only interfere wilth each other {accessing data) but
require points of synchronization or poinis of serialization and a certain amount

Augusi, 1983 Chapter 1. Pertormance Topics 13



of cross talk to keep everything straight Ful ancther worker in my office and

some amount of inierference {albeit pleasant) is generaied. Put two more
workers there, and the cross taik increases

I may be busy but not productive. My ITR falls. (ITR. Internal Throughput Rate or
number of transactions per CPU second is 2 measure of processor power. More
on this laler.} Figure 12 on page 13 shows that the decline in productivity is
workioad dependent. Scientific batch has the least problem. IMS the most. The
advantage in scienliflic balch is iy its dala and instruclion stream characteristics.
I does noel use a lot of system services {(common data and queues), it does nol
share data (common area or between memories), and s a2 single memory appli-
cation The other workiocad types do these things lo a grealer or lesser degree.

An advantage of a single sysiem image, usually not discovered in a2 benchmark,
is the ability of a large single system image to deliver more power to a high pri-
ority application over periods ¢of varying demand. Excess power from one system

image is usually not available 1o other images {ouiside of shared CPs in LPAR)
When the high priority tasks are idle. the power can be used elsewhere,

A single system image alsc saves processor storage. The single image requires
only one copy of the system (Nucleus. PLPA. SQA efc). This is particularly

important in smaller systems where the system itself represents a large propor-
tion of the total storage.

This discussion does nol consider any management advantages of single system
image over mulliple sysiem images. One advantage usually worth the cost is the

ability to maintain one application image instead of splitling the applicalion over

multiple images.

=] =] L= L=
= (=1 (=] =]
M3 - Ead o
= [+] =] =]

PROCESSOR RLSPONSE TIKE

=
=
—_
o

CWM/M/c ERLANG RESPONSE TIME

.
.:".I'l +

i LT
{7 9021-382

Hese Service

7 22{19

83
XRLSPRED!

CPYD

39 40 50 50
UTILIZATION

e g021-972
— 9021-962
9021-852
— 9021-342
- — 3021-831
----- 9021-822 || |
— 9021-711 | ‘
T T T 1 [
70 B0 9D iog ‘
CPEDODI S ‘

| Figure 13. Exampie 3

| Now let’s conlinue with the examples of applving the Erlang-C formula

-

Example

| 3is in Figure 13. Using the 8021 famiiy of processors which have models from
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one to aight CPs. one can see 1he Impact of adding CPs The curve tigltens as
expected as the number of servers increase

From the discussian above we know thal the conhguralions with § smaller
number of CPs (servers| each CP s slightly tasier than the conliguralion of a
larger number of CPs Bul thus sligh! advantage s iminor compzared 1o the advan-
lage of having a larger number of servers However after about & the advanlape
appears to be one of throughpu! since 1he canfiguranon with a targer number of
CPs has more power

Thal's the theory Whal aboul assessing the amount ol queueing thal ceceurs i
an aciual syslem?

RHT System Informelion - AQTS Line | llI

(L]
Sampies:  [RQ0 Tlwer 0014708 ot 14.00.00 Renge #1800 Sec

hvetagy Number of Aoty Unery

b 2 4 4 8 m 11 w6 14
TS
« 130 = FaQ gLy
. JATDH 20T LY
$it [TIE 5T oLy
HRooe RN Subs puy
[T £=d OPER 1y
{ T E=J g GLY i
‘ S Bl Fioc sk |
T [ &y use
bwNoDs
DURDDE
nuKoo?

Figure 4. RMF Monior 1l] - System Infarmanan

What data is available lo manitar processor respanse delay? RMF Manitar | pro-
vides the distribufion of queue lengths in the CPU Aclivity Report. This value
appears as lhe vanable OQCPU in the SLR (Servite Level Reporter 1BM program
no 5665-387] Performance Managemen! Reports  Figure 14 illusirates the RMF
Manitor 11l System Infarmation Report Along with the system summary (he stale
of each work type [TSC. Batch. and Started Task) Domamn and Performance
Group (not shown) i5 given If the domams and perfermance groups are sel up
by business unit i) 15 possible 1o discover the problem of that business unit and
assess the impac! of a solulion Wouldn'l 1! be nice 1o assess thempacl of a
migrabon from 3 30202008 to a 40087 Would he work in Domain 7 be inlerested
in a system with more CPs? How abou! Demair 27 Domain 2 averagas 3 users
walling for processor servica Addilional engines hdve the polential of solving a
problem for the work in this domain  Daman 7 snows [itle or no wark being
delayec by the processor Hopelully this rellecls the correct pnionily  The Delay
report 1n RMF Monitor Il will describe the processer delay in lerms of percent of
nme wailing for lhe processor

Addusl, 1093 Craoler © Performance Tepss 18



r PROCESSOR SUMMARY

DELIYERY : CP SPEED, ARCHITECTURE,
SW & HW IMPLEMENTATION,
NUMBER OF CPs

RESPONSE: THRESHOLDS, CP SPEED,
NUMBER OF CPs

CONTROL : PRIORITY
TIME SLICE

|
| I — -

Figure 15 CP Summary

The summary for the processor rasource s showr in Figure 'S5 Cne of the key
lems to remember is thal threshold ulili-ations apny (o both DASD and
processors As the utilizaton of & server gets higher the waiting hne gels
longer 11 is a fact of life

High ulilization is not necessanly a4 probiem as long as 1he low prionty wark 1
just that - work at the boltom of the quede and the prionty 15 realiy low  High
utshization hecomes a problem whan e wark al the Hollom of the gqueus 1s not
meeling its performance objeclives

Additionally. work af the botlom of ho dispatching quede allhough it may be
meehing its SLO. can cause storage-problems Whal s Ine Job doing whiie (!
wails 1o be dispalched? it 15 ho!ding ceniral slarage frames This processor
dielay can exacerbale a storage problem

The expectalion for processor response ime will depena upon the power Gl each
CP and the number available in & single sysiom image !

I Atnaugn | Qude’| drscuty I, soltware can have a sigmikCant ¢'fos] on Focesdn fadnn swrness s & pronly sgreme (mole- |
manled? How about ima shioing®  How s 1 implemenied? Tne uuiary rf gysism eonley fragrams « ILsl=aies lre o rererces |
and advanesges. Applcalior sefiware can have bLill 0 Qargeing oo
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Storage.

THE PAIN OF STORAGE DELAY

RESPONSE | TPAGE=Rale * Page_responss
TR (for sach mctive user)
TSAM=Active-HAesident time

+ MORE STORAGE

(Central or Expanded)
% CHANGE MPL

(Paging =-> Swapping)
+ FASTER PAGING

Figure 16 Siorage Detay

Augudt, 1903

The lack of processor storage causes both swap in delay {TSRM) and page delay
(TPAGE) Althcugh a page fault which s resolved by ASM can mean a delay of
aboul 30 millisecends, many page [aulls can causoe an annoying delay. How
much can he toleraled? Thatl's & very (ndividual questian.

in general. delay is ta be avolded Whenever page delay can be avoided, do il
The size of page delay for any transaction is obtained by multiplying the page
fault response fime lor a single pape by the number sulfered by each trans-
aclion, The delay has (o be weighied by the number ol users affected I it is a
T8O user, one person walls If CICS page laulls, all active users wait

The page delay time is 100 mgh when the response lime of a transactien
exceeds iis objective and the page delay time is a significant portion of the
response hirme. | did no! say that lhe page lault rate Is oo high. It is the page
delay thal counts' A page fault rate of Z/isecond can be worse than 5/second if
the larmer takes 40 Ms each and the latier 10 Ms each

Paging I/C also adds to the contennion of the /O subsystem when page dala sels
are nol on dedicaled paihs

The problem of excessive page delay can be solved in a number of ways
Reduce the page faull rate by praviding the transaction with more processoer
slarage. This 1s done by either setting the multiprogramming level lower {keap
some users out of storage. swap Inslead ol paging) or getling more processor

Cnagler 1. Performance Topies 17



storage (central or expanded} Or reduce the page faull kme by providing a
fasler paging mechanism ¥

The data required to delermine whether you have a paging problem can be
found in Figure 14 on page 15 The sample data shows about three address
spaces (ASCBs) on average delayed for siorage. One 15 enough if it 1s CICS or
IMS The identily of the ASCB can be found in either the domain summary or
performance group summary in this reporl or more detailed slorage reporis in
Monitor lll. In this sample. if the wark in domain 5 was the most significan! in the
installation. the magnitude of the storage delay would be reduced Domain 5 isn’y
suffering from the pain of storage delay However, il domaimn 6 was CICS, the
problem lakes on 3 different complexion One of the CICS regions would always
be In page delay. Thal would be serious ™

Olher than paging and swapping, a more inleresting aspect of Siorage is the role
of YO elimination or Data in Mamory (DIM) Of course, the elimination of paging
Is the elimination of I/0. but how aboul the elimination of useful 1707 Useful IO
is related to the movement of MY dala, MY programs

Making data avallable for processor operalions is the name of the game in com-
puters After all, it 1s called dala processing Lels look at /D how il operates
and the performance impact

¥ Seae MVS Paging Performance Cansideralions by Siabo Frigsenporg (GG22-0204 |
L Sae Yero SwappingRaging #G - A Reahty by John Ryden in 1988 CMG Canference Proceedings, Page 531,
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110

2 MS. 30 MS.

Figure I7. 11Q

The I/0 subsystem can be viewed as a server for 10 service reguests from the
processor. A system requires enough 110 1o salisly the rale of requests wilh &

reasonable response t'me  From the system medel (llusirating the forced flow

law, we can say thal work flowing through 1ne "CPU subsystem” will be at the

same rate as the /O subsystem The flow thraugh the CP “valves” will be the

same as the /0 “valves”

From the CP point of view, you need enough /O (o keep the processar busy
Symmelrically, from the /O point of view you need enough processor 1o keep
the 17O busy I does have o be balanced o keep work flowing through the
systerm.

On a system the size of a 3090-2005 500 I/Q operations per second would nol be
uncommen Thal's one every 2 ms on average An /O operalion takes abou! 30
Ms wilhout cache and abou! 15 ms with cache ' Wilth a high enocugh Multi-
Programming Level {MPL) 1he processar can be kapl busy This requires about
100 uncached actuators to do this  [The capacily plan will delermine an exac
number ) However each individual lask without cache, has lc wail abou! 30 ms
Cache mighl reduce that signilicantly

VU See DASD Expeclanons Tor o compliete discussion of parlormance axpedlalons or DASD Y0,

August, 1883
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/0 EVENTS |
| STARTIO Path Device |

Device Queuing |
SSCH
| Path Delay @
Connect CCWs— m=
Seek A—» B

Latency )
O

Path Delay
Connect ?, Data—f]
CE/DE

Figure 18 1O Events

The perfermance of an IO device can be more complicated than the processor
The /O events cutlined in Figure 18 begin 1o illusirate this complexity. Analysis
of response time expectalions would involve establishing expectalions for the
individual events This has been done elsewhere ' The poin! of our discussian
here 15 10 note that IFO events involve mechanical and elecironic evenis. The
duralion of each event will depend upon workload. I/0 architecture {S/370
§/370-XA. and ESA/370). and device implementation (3380, 3380 for example) |

The process or /O analysis proceeds in a similar manner to transaclion per-
formance analysis In Figure 4 on page 6 the transachion was decomposed 10
reveal "where time was spent” euphemistically, "Where 1s the pain?” Figure 19 [
on page 21 shows a similar approach for IO "Where is /O lime spent?”

20 Batanceo Sysiems August, 1902



WHERE'S THE PAIN?

- Service Time,
DELAY-CP > Geo., /0 MPL ,Arch

T DELAY-IP - Geo., I/0 MPL
CONNECT—Blksize, Search, Geo.

NI SEEK - Data Ref. Geo, Arch.

/éjé-———— LATENCY — Geometry, Arch.

5380

H

RESPONSE TIME

%

Figure 19 Where's the 110 Pain?

The analysis proceeds (n idenlifying the size of each component and the cause
of each component. For example, connect lime. reported by RMF Maonitors 1. Il,
and I, 1s a result of the use of the inlerface belween a device and cenlral
slorage. This can occur when transferring CCWs. Dala. or when the device is
performing a function which requires the inlerface to be connecled.

If the size and cause of the camponenis can be determined, an inteiligen! busi-
ness decision can be made about a choice of device improvements. Figure 20
on page 22 is an Intelligent person's guide to DASD and controllers. it is a shop-
ping list. The list matches specific problems with devices whose characteristics
address lthose problems.
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WHAT'S THE MEDICINE?

- - FASTER
DELAY - CP—>MVS/ESA, 3390

55— DELAY - 1P 3390
- EZZZ—— COWECT-> 3390,3980-3

]
- NNWN\—— SEFK - 3990-3
%

' %— LATENCY - 3990-3

3380

RESPONSE TIME

Figure 20 A Solution fo Malch the Pain

How is the I/0 pain chart developed? First of all is there an /O problem? And.
how can il be recognized? The process 15

Is lhere a problem?

Whao's got i17?

Do | care?

What can be done aboul 117
Did | do 117

L1 I - e

This 18 the general flow of Performance Managoement.

Step 1. Check Figure 14 on page 15 This RMF report indicates whether there (s
any device delay. It also measures tho size ol the problem by the number of
users alfected

Step 2. Check Figure 21 on page 23 This 1s 2 sample of the delay report from
another system.®? Whose got the problem™ This 18 more important than lhe

number of users affected. Remember IO service like the processor. s not A
democratic, One importani job or transaction being delayed can be much more
significan! that a number of ather lransactions or jobs The referenced report in
Monitor |ll indicates where delays exist by specific resource by specific users
This report happens to illusirate the delays faor Lhe Balch jobs only Here again
is a uselul report which aids in the assessmen! a! perfarmance impact "Who wiil
be helped?” "How much?”

Step 3. Who is being delayed olien determines whelher any achion is necessary.
Very imporiant work reguires immediate allenlion. Less imperant work? Well,
maybe we'll lock at it tomorrow.

i

12 The data Irom syslem E00L was nenerated UsIng some synthelic Jobs o croate paim whereas system AQTS s produchion data.

22 Balanced Systems Augus?, 1983



Step 4 To identify the soluhon 1o an /O problem one must idenhify where s 1he
I/O pain Again we appeal to RMF Monitor Il The Menitor [l DEV and DEVR
report would give an inihal assessmen! of the localion of pain Is 11 device
gueueing, cornect. discannect or pend Lime? See Figure 22 on page 23
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Figure 22. RMF Monitor 11l - DEVR Report

August, 1993 Chatler 1. Pertormance Topics 23



AF Job Deilnsys — EBOL Lina 1 01 1
Gwrp fem: 00 Tirmm: G3/12/78T at 13,46 D2 Range - 100 Sec

Job, WICKE 1 Primmry delny: Excesalve dlaconnent time On volurm HEMBOS .
Probet e caciss: 7) Sequentlal pooees O cals with shor! Dliooke!re.

2] Aotive datessls spaoso widely sofoss volum

3] Overioaded channa! paths caunlng reconnso! daleys.

Vo lums HEMEOA Dwvioe Dare —

NuThar jies] Aotive: o8 Panding- 34 .l“fl?. Usara
Devige: 8380 Conneot : 18% Deiny T A% D ayed
Bharmd: Ym Claconneot: 752 Ouley U, 3 1.0
Job Par formanos urmr&—-

WFL UBa CLY IDU UMN  —-—— X Dwlinysd for - Primary
C ABID DMWN PG X X 2 X I PROC DEY HTOA BUEE OPER ENO  Reseeon
B 0161 11108 43 43 & 0 40O 0 BT a 6] Q 0 HEVEDA

I Cormrmand ===» Barpl| ==» CBR J

Figure 23 RMF Manitor 1t - Dewice Report

RMF Momtor [Il version 4 1.1 has bullt inlo 11 some suggested soluligns {0 prob-
lems 1l identifies. Figure 23 is one of those reparts Suggested solalions are
lisled

A orief sel of VO problems and solutions oliow

Device Queueing or Delay The /O MPL Tor a device s too ©gnh This could be
from 0o many dalasels being usey 2l the same time or
just datasel contention n the (ormer case, one could
spread the dalasels run the recuests seqguentially, or
make the |/Q faater

Pend Time This includes channel and contral unil contention when
starting an VO T i1 1s larger tnan 2 milliseconds, the
reason is almos! exclusively shared DASD Check the
sharing systems for device confention Large Pend
fime is inter system device gueueny

Connect Time This i1s large blocks for a sequential data setl. or many
blocks as In a Swap device ar search fime on a PDS
In the tormer case large connecl ime 15 very efficient
It usually means that iols of dala 1s being delivered
Often 1l represents the same dala being deliversd over
and over aga:n  This problem can be reduced with
caching or even O elimination For example. if the
device 1s @ program hbrary the MVS/ESA LLAVLF
feature should dramatically reduce 11,

Disconnect time If the tatal connec! ime on the paths (total
rate’connec!) 1o this device fram Lhe othaer devices 15
high, the discennec! lime Is probably RPS delay. Olh-
erwise, il Is seek time which is caused by many data-
sels in use or one very viry large dataset. This is
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solved in @ manner similar o device queueing or with
a cached conirolier
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Storage Hierarchy
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Figure 26 Dala in Memary

An old joke goes somettirg like This
‘Doctor it hurts when | do ttus
“Thepr dan’1 go i1"

IM /0 time hurls, don’t do Il in the beginmng in Figure 7 on page 1. we alluded
o the soluhon of an 1O [ime probiem Repiace | O operahians with 8 memory
service  Dala wn memory is offgn veny, easy 0 accomplsh  The relative ime |1
takes 1o ge) data to the processaris (ustrated in Figure 26 When a task is
runring an a processor the 1ime o Tanes 1o salisly a reques! for dala vanes con-
siderably with the iocation of Ihe cata Tram a relahive value of 1 if it is in the
hiph speed bulfer 1@ arownd a2 million f thé data mus! be retrieved from DASD

Forlunalely the numbor of accesses 1s much higher for Ihe faster memory Maost
access by the CFU ceme oul o' The High Speaed Buffer (HSB) The percent of ref-
erence hiis m the HSE s in the high ninelies  Similarly, the data reference hils
in a DASD cache can be tvoicdlly around 90% or better

The placemen! of dala in the high speed bulter s controlled by the hardware
The olher |localions can be conirolled by soltware or syslems programmers The
relalive performance adyanlages can be scen n the rabwos In the ligure. Impor-
tant data should lake advaniage of lhe performance oplions ol the slorage hier-
archy Some very general oplions foliow

For many sequential passes al a dats st mova the data 1o a VIO datasel first
With MVS/3P4.2 and MVS/ESA tho VIO data set will be pul 1n @éxpanded storage '
Il the space i1s available Alter the liral pass. data will be delivered extremely

fas! 81 memory specd nol DASD speed

If the data (s referenced sequenhally Jus! once moving the dala to a faster
medium s counter praduchive Read || the fastes! possibla the first ime. That's
QSAM or VEAM and lots of huffers

26 Balancea Systems August, 1983



for Randomly accessed data. use Data in Virtual (DIV) or DIV with data spaces if
the data is tabular. Otherwise use Hiperspaces. VIO or maintain a high proba-
bility thal the data will be 1n memory {ceniral or expanded slorage) by specilving
a larger number of buffers.

Cata in memory in all cases assumes that memaory is available - memory is no!
a consirained resource

Each access method has limitations

* The number of QSAM buffers musl be less than 255. Bul. uniess {he block
size is very small, this Umit wiil not be reached Any one /0 request will be
limiled to 31 buffers or 230-240K of virtual sterage

« With MVS/DFP3 1 the number of VSAM buffers is Gdk. Previously it was 64Mb
IN space.

* DIV window size is limiled 1o the space avallable in the private area

= Data space size is limited by 2 gigabyles. [l ofters data isoiation in a sepa-
rate address space. Currently data spaces are supporied only by Assembler
language

In any case, daia in memary offers a very attraclive solution te the /0 time
problem. In some cases it reguires changes 1o the applicatien. In other cases,
the migration to MVS/ESA does il automatically for some system datasets

The nex! slep in the solution s fasler I/O. Thal’s the 3890-3 and the 3390.

August, 16593 Crapler 7. Performance Topics 27



Summary

SUMMARY

+ What's

the problem?

% Who's got it?

4 What can

be done about
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Figure 27. Performance Anglysis Summary
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Performance analysis and performance manageman! steps have been cutlined
dbove They involve establishing that there is 2 problem, understanding which
resource I8 {he major cause ol the problem, linding aut who has the problem,

and finally figuring out what can be done aboul 11?

The problem usually comes down 1o analysis of the behavior of the servers in
the system model: processor, I/0, and memory. The analysis is greatly aided by
RMF Monitor lll. Resolving ihe problems is lacilitaled by the architecture in

MVS/ESA which permits the frade-olf of ene service with another.

The nexl topic is capacily plannimg

Balanced Syslems

August, 1993
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Chapter 2. Capacity Planning Concepts

Process Flow

Performance Managment/
Capacity Planning Data Flow
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Figure 28 PM & CP Flow |

The Capacily Planning {(CP) process begins with data coming from RMF, SMF,
DB2, CICS, etc. in MVS, and the many other sources in VM, and VSE. The data
appears in one or more log files produced by these dala collectors. {See
Figure 28)

. The data contained in these logs can be voluminous In order lo use the data for
capacity planning or Performance Management (PM), the dala is exiracted from
these logs. The extraction process Involves a number of operations.

* Variable reduction - all the variables in the log may not be required for
capacity planning. PM usually requires a larger sel of variables than capacily
pianning but even for PM, variables may be left behind in the leg for use on
an as needed basis

= Variable merge - difieren! logs may be combined 1o provide a picture of all
the vanables by time, Dala cambmed by Ume will enable a view of one vari-
able nexl to ancther vanable al a specific time even though the variables
came from differen! logs

= Dala enrnichment - data may be added to with descriptions of varnables or
collections of variables which are nol conlained in the data provided by the
data collectors. This local specilicaticn mighl be the relationship belween

Q performance groups and business uniis.

@ Copynant IBM Corp. 1989, 1991, 1083 29



PM/CP Data Flow

{

Performance
Performance Analysis
Management Data

Selection

Data IlllD
Extract lIIII

Figure 29. PM & CP Flow ?

30 BRalanced Systems

Once the data base is formed, with a sel of variables satisfaclory to PM, queries
can be placed againsl the data base. (See Figure 29) An example is queries

about the utilization of a resource al specific times

either in 1abular or graphic formal.

The resuits are relurned

For PM. the purpose is to do performance analysis Am i maeling my service
level objectives? Which resource is having a performance problem? What's the

cause?

For capacily ptanning, which follows upon Piv, the dala result is a seleclion of
samples which would be used for capacily planning  For example. only the
hours when the DB/DC application {s aclive may be of inlerest.

Upon deciding which samples to use. a lunher data exiraction is performed.
Capacily planning variables contain a subsel ol FM, and the interval of interest
may last years. rather than a few days to a week for FM A smaller data base is

called for.

August, 4982
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PM/CP Data Flow
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Figure 30. PM & CP Flow 3

The data in the logs may come from different systems (See Figure 30.) The PM
process may not combine data cbtained from different system images althcugh i
should. Capacily planning reguires that the complex of systems being consid-
ered be pot into a structure which can be used for capacity planning decisions.

1 What is the Centrai Elecironic Complex (CEC) which contains the system
images?

2. If there is more than one syslem image running on the CEC, what is the
Supervisor enabling this? LPAR? VM/XA?

3. Whal is the Sysiem Control Program? MVS/XA? MVS/ESA?

4. What are the workloads running in lhis system image? CICS Production?
TSO Development?

5. What variables are needed to describe each workload? CPU? Storage? 1107

6. What is the DASD configuration and usage?

Augusl, 1993 Chapter 2. Capacity Planning Concepts 31



. PM/CP Data Flow
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Figure 3! PM & CP Flow 4

After the step of describing What there Is which fulfilis the capacity planning
structure comes the inlgresting part which e¢nables capacily planning Where is
it going? The forecas! The forecas! comes in many flavors (See Figure 31)

» Growth by a Resource (CPU for example) This is the ultimate for the
capacily pianner Once the resource growth is known ana 1he starting point
is established the projechion enables the capacity planner to decide (he time
al saluration - when 1sn” there engugh resource 1o match the projecied
requirement? However Lhis growth by resource does no! usually concepiu-
altly match the business plan and often has fittle to do with the description of
plans in the end user vocabulary They think in terms of users. transactions.
and business objects.

= Growth by Users This method eslablishes the curren! number of users and a
profite of the cost or resources per user With a growth by user input (nexi
guarter there will be 10 more users) the resaurce requireament can be
described mn lerms of "Users”™ a term understandable Lo the individuals
making business decisions

* Growth by Transactions This 1s simniar 10 growth by users. The transachions
are described in terms of a resource and projections are made accordingly

» Growth by Objects Company X makcs Widgels and Gears These may have
variable resaurce cosis 10 produce and marke! The projechions being con-
sidered by the company have a vanely of propasals - maore Widgels than
Gears? Considerafion 15 the resource cosl ol each and profit obtained
Growlh by Widnels and Gears like users and lransachons. determines the
resaurce cos! of each and can handle the resource projecltions of a vanety of
alternatives

Ultimalely. comes some fable or graphic which embodics a recommendation
showing resource growth (we hape) and poaints of achion, such as, on which dale
is a larger resource obtained This 1s not one rraph of course The business
plans should nave a variely of scenarios which reflec| the range of economic

32 Baanced Systems August, 1993




forecasts for the company. A lean growth picture? An aggressive growth picture?
And how do these differen! economic piclures impact resource reguirements?
(See also the discussion in "Growlh” on page B4)

Processor Resou.]rc_eha-nd DASD u6

Foreced Flow Law |

>ee | >o8(—)—

Time: g ST 5T
Usage: M#*B § @& RT

S MxB == Constant

{(1/0 rate Yo Power ugod i3 ngarly coastant)

Frgure 32. Forced Flow Klode!

Figure 32, shows lhe system model which will be used lo connect the resources
ol Processor {CPU), DASD I/0. and memary service. The basic cycle is belween
processor service and /0. The task does some CPU and then some /O unlil fin-
ished. O can be replaced wilh a memory service {more buffers. Hiperspace.
Data Space), but once established, the relation belween CPU and YO remains
relatively constant. The amount of CPU power used (power M times propertion
used B) and the amecun! of DASD I/O (I/O rate S al response ime RT) is rela-
tively constant

This claim of proportion between CPU power and /O is admittedly variable
across small intervals {seconds or minutes): But capacity planning usually deals
with intervals of at least an hour, and mare likely, hours This larger interval
tends to smooth momentary resource bursts,

August, 1633 Chapar 2 Capacily Planning Concepts 33



| /0 AND CPU
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Figure 33 CPUY and IO Dats

The relationship between the amount of 1'Q and CPU used can be seen |Ip

Frgure 33. The CPU unihzation and 'O rale teng (o rse and rall tegether This
indicates that the workload 15 stabie and the aesciipiian ¢! Inese warkioads in
terms of resgurce vananles 1s azceptable A lark ol correlation belween the
resource consumplion of CPU and 1’0 waou'e distgurage the applcation of a fore-
cas! to any of the workipads 1hus deseribed The worklcad greuping 1s no!
stable If unstable, the choice 15 among

» Selecting different samples

» Selecting samples of larger durahion (The sample duralion for capacily plan-
ning usually has a runimuim of 1 howr and can be an entire shift of 8 to 8
hours Smaller intervals arc subject to natural varlations in workload charac-
teristics and workload mix)

» Splitting the planinto two plans as mighl occur when the sampies originally
came [rom firs! and second shifl

39  Balarced Systens Augus: 1901




RELATIVE 1/0 CONTENT (RIOC)
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Figure 3%. Relative /O Content

| August, 1893

The relationship between the amount of CPU and I/C is called Relative /1O
Content (RICC) (See Figure 34.) It s the rato of the number of physical DASD
/O operalions per second fo the power used.

The data obtained by the data gatherers provides the CPU utilization (B, where B
is in fhe interval {0.1)) Il the specific CPU mode| has a power number M (the
source of which is in Figure 47 on page 47). the amount of power used would be
M*B. If the number of CASD physical I/Os per second was S, then the RIQC
woutkd be 8/{M"B) The RIOC can be viewed as the number of I/0s expected per
uni! of power for this workload. For example, glven the following situation:

* 3090-2008

» MVS/XA,

« B7% busy

« Power number M =1768
« DASD I/O rate of 425

Then the RIOC would be 425/(1768"0.67) or 0.36.
The RIOC is a useful concept If one knows the general range of the RICC for an

application. such as DB2 then some inleresling queslions can be answered. For
example, a DB2 applicalion does 25 1/0s to DASD. How much power is required?

Well. if the RIOC for 0OB2 is between 0.2 and 0.3, the power reqguirement can be
computed using the equalion S=M'R*B. We know S {23} and we know R
(0.2<R<03) Can the power used (M"B) be compuled?

The RIOC can change over time. Factors which affect "S” would be changes In

» Access methed - change to an access method which has enhanced buffering.
would reduce the physical I/0s
* Blocking factor - more dala per /0.

Chapter 2. Capacity Planming Concepts 35



* Data In Memory (DIM) - rather than a physical I/O for application data. data
15 retrieved from more buflers, a dala space, or hiperspace.

= SCP - A new SCP could take advantage of a new architecture desigred to
redice DASD I1/O. For example, Expanded Slorage.

« DFP and DFSMS - may change how I/O 15 done

Factors which affect "M*B” would be changes in

« SCP - path length ¢changes 1o supporl new functions

+ DFP and DFSMS - more funclion generally means longer palhs.

« Service ASCBs - changing a monitor, JES, or VTAM may add overhead

« Function - more means maore.

» Complexity - As end users become mare sophisticated with applications.
they tend 1o use the full function of the applicalion and that means more
M*B.

Latent Demand

36 Balanced Sysiems

Figure 35 on page 37 shows a 52 week plo! of some actual data Each dala
point 1s a 40 hour average of prime shift CPU utilization Notice that over time,
the average and the maximum hour for the week are drifting upward.... Al leas!
until week 25

Al around week 25. the maximum approaches 100%. The average’s drift upward
slows. hu! shll moves upward Did growih slow considerably afler week 257 No
There was no rcom fo grow What happened te the growth or work thal would
have been there when the available resaurce ran out?

1. L was run later.

2 It wasn’f run at all.

These eplions mean fhat new applications might not be introduced. existing work
is delayed, or just that the general level of productivily decreased

This delayed work is called latent demand. il is an amoun! of CPU demand thal
is ready to run. In Figure 35 on page 37, il appears as the area between 100%
and the extension of the maximum if the maximum could continue o rise over
100%,

The measure of latent demand 1s found in the ratio of maximum to average
processor busy called the Peak to Average Ratlo (PAR).

if the samples are 9 Hour averages and we have 5 samples (5 samples points of
prime shift averages), the Peak is not the maximum of the five samples. The 3
hour average is too large to be useful to compute the PAR for capacity planning.
The maximum is usually the maximum value found among the RMF sampies
which were used {o compule the & hour average. This samples size 15 usually
around 15 minutes 1o an hour.

August, 1883
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LATENT DEMAND
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Figure 3/ Laten! Demand - 8 Measure

Figure 36 on page 37 shows a simple sel of CFU ulilizalions laken for one day.
The average is aboul 65% and the peak near 100%:. Thal's a PAR of about 1.5.
Since the samples are hours, lhe peak hour af 100% 15 usable if the samples
were days instead of hours. a peak day average 1s nof sufficient One would
have to look al the samples making up the days averages o find a peak interval.
For RMF this can be found 1n the Summary Repon developed by the RMF Post
Processor.

Let's assume that the installation grew unlfarmly by 15%. If we could assume
that the curve, with growth. 1s shifted upward by 15%, the curve might look at
the upper curve in Figure 37 Of course. the curvae canno! go above 100%. If it
could since the demand was there, it migh! go up to around 115%. It actually
goes lo 100% with a potential of 115% This potenlial 1s called Latent Demand.

A laten! demand of 15% says thal a precessor wilh a peak of 100%. if upgraded
with another 15% more powerlul would still have a peak of 100%. Very embar-
rassing for a capacily planner You will naturally be asked “Why isn’t it B5%7?~

To understand Latent Demand. it is imperative 1o track the PAR over time. The
current PAR may be very misieading. In Figure 37 whal happens to the PAR as
the average Increases? For a while ! may stay the same. Afler the peak hils
100%, an increase In the average means a decrease in PAR

FAR = Peak [ Average
The peak remains al 100%. the average increases and the ralio decreases.
Lalen! demand can cause embarrassment In Figure 38 on page 38. we have
system A with application-1 and a smudgen of balch while system-B has

application-2 and batch. We plan to migrale these lwe systems lo a single
sysiem image where the pracessing power is approximately that of A+B.

38  Balanced Systems Augusl, 1853




Applicanion-1:s lhe most importan) 1o the inslallation’s business activilies. What
could happen?

If the hgure represents the average ublizalion for cach business unil, one can

{ sen that the peak to average ratio of Apphcation-1 is near 1. My guess is thal Is
was nol tha!l histoncally and the utimzahion near 100% is a red light flashing.
There 1s laten! demand here Even If we were nal tracking the latent demand by
means of historical PARs, the tight s still flashing red

100 BATCH SYSTEM A:
- N |
= v & + INTERACTIVE APPL1
= bor APPL1
2wl \ « SOME BATCH
L :
Il 109: == . _
' 2 g e SYSTEM B
= v Z + INTERACTIVE APPL2
= al ///M,PL2 + 50% BATCH |
. 7

Frgure 38 Merging Systems
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40  Balanced Sysems

Wnen the single system image s brough! up, who do you think will be calling
system support? Certainly not application-1 users Whal happened? With
application-1 at higher priority and the Iatent demand for CP power apphcalion-1
began lo use 1he increased availability of power. With a mi? 10 the power awvail-
able to lower priorly work, application-2 and batch received less  This might be
observed in RMF by a reduced response time ar increase lransaclion rate for
application-1 and a reverse for tower priorily applications s this bad?

What if application-1 was THE business apphcation? The answer might then be
“This is goodness.” If we wanled the same distnbulion of CP resources some-
thing would have to be changed to guaranlee applicalion-2 and maybe balch a
larger share. This is accomplished through a combination of prierity and lime
shicing, 8RM controls. il can be adjusted. The trick Is to remember that one task
can use the power of only one engine at a time ©n a four CP system image ono
1agk can absorb only 25% of the lotal system powar, while on a two CP system.
it s 50%

Figure 40 on page 41 shows wha! migh! be a typical grawth scenario over 30
monihs Same observations

« There was an updale in monlhs 18 and 27 or some rather large down sizing
saomewhere Lel's assume the former

« The PAR in months 15. 18 24 27 was decreasing rapidly or negligible
already

= The growih rate was small where the PAR was decreasing. This is a
warning' Ever hear the slalement "Why Upgrade? There’'s no growth ©
There's no growth because there's no place to grow Ine A historical chan
is very useful to pul same reality inlo slatements

August, 1097
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WHICH APPLICATION HAS LATENT DEMAND?
(Do you care?)

100

80

80

40
BATCH

20

CPU UTILIZATION

|
DB/DC :

8 9 10 11 12 13 14 15 16 17

Figure 41. Latent Demand? Who Cares?

As always, you should be skeptical and ask - "When might Latent demand be of
no Interest?” Figure 41 show the combined ulilizalion of two workloads, a
DEB/DC application and Batch. Between the hours of 11 and 14. the balch work
gets squeezed oul. Batch has a latemt demand. Do you care? If it were my baich,
the answer is yes. If it is yours, no.

August, 1893 Chapter 2, Capacity Planning Concepts 41



However, one might apply the concepl of PAR to just the DE/DC appiication

The notion of PAR and Latent demand define a concepl called CPU Saluratian
By definition, tne Saluration Design Point (SDP} (g
SDP = 180 / Hrstomice’ PAY

The historical PAR is chesen ralher [han the current because the current may
be zilch if the average 15 very mgh A histonical PAR of 1 4 yields a SD2 of 70%

This concep! of SDF 15 a capacity threshald This (s distinguished rom a per-
formance threshald A perfarmance threshold 15 detingd as that utiization when
a workload has a s:gnifican! queueiny problem - response ime becomes jarge

i Sample Selection

42  Gslanred Systems

Sample setection for capacily planning differs lrom performance analysis in that
in performance analysis there are no poor samplie seleclions. only uninteresiing
ones For capaciy planning samples are used (o characterize lhe resource
usage by business units The samples chosen should agequately describe each
business unit and thereby the 1olal resource usane

Questions «n sample selectian

* How many samgles? One is encugh (! il Is the nigh! one The right ene s the
ane which gives the piclure for all the business units In the absence of such
omniscience In sample selection a number 1s chosen which #ncompass a
time mnferval where vanaton would ogcur

* What's the duration of each sample? Figure 42 on page 43 shows a sel of
data viewed for duralions of 15 minules. 1 hour 4 hours. and 8 hours As the
duration grows. the unruly behaviar dumimishes A1 15 munyles the data
varies considerably Inluibively & munute intervals would be even worse L is
reccommendead thal samples shoutd be al least an hour in length Four to
eight hour durations are éven botlor.

» Are all the workloads running? Are they running i the same proportion
durtng gach sample? Figure 43 on page 44 shows data for five days. Il
doesn take too much to sce thal the workloads proportion vary congider-
ably over the week Friday dav 5 is primarnly a batch day dominated by P
Baich.” On Menday. there’s none Wnat's o be done?

-~ We could use the average bul the resource description would dramat-
ically underestimate lhe requirement for F Balch on Friday The require-
menl could be sigmiflicantly undersized if the growih rate in P Batch is
large

— We could use just Friday Bul we might then have a problem if P Batch
has a small growth rate and Database W s large.

— Woe could a sampfe at randgom and gel a random resull

In this case. we might have 1o bulld mulliple models {o reflect the day
dependent resource requirament Figure 44 on page 44 offers us the oppo-
sile silualion There 15 greal consislency across the week Very nice dala

» How many samples should be used? The answer 0 this comes from expern-
ente. The capacity planner should be reviewing ine data al leas! weekly
Remember. cne sample is enough i« Is the righ! sample | would suggest
reviewing the dally averages once a week It might nol be a bad |(dea to even
save it
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= f there are multiple images wnvolved 10 the complex. you should be
review|ng the data from each image With multiple images, the right sample
implies not only the rnight samgple from each bul the nght sampie lor the
same time' This 15 trum because of shared CASD in a mulliple image
complex Choosing different ime periods makes the modeling of the DASD
j subsysiem completely suspect. That's why using an average of a number of
1 samples s often a superior choice.
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Figure 45 Salurshon
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Figure 45 shows some of fthese concepls pul together on one chart, the Satu-
ration Design Point {(SDF) of 70% says that when the average reaches 70, 1he
peaks will then be at 100. Aftar 70% latent demand begins to build or work that
could be serviced, is net The processor is saturated.

If the ratic of I/0 and power used 15 relatively constant {RIOC). as the CPU
average rises, the IO average should rise in proportion. If the CPU saturates al
70% in the figure the CPU I/Q rale saturates at aboul 250. The CPU /O rale
saluralion poinl does not mean thal the I/0 subsystem cannot do more, it means
that the DASD V/O rate coming frem the CPU should average about 250 It implies
thal the I/0 configuration should be able 1o handle aboul 250 1/0s al minimum
when the SDP is reached,

Consider this example
CPU Avg. 4Ad
CAU Max. 55
I/0 Avg. 133
The PAR is 55/40 or 138 the SDP 15 100/1.38 ar 72% If the I/O average s 135 at

40%. what will it be at 100%? Thal's 135/0 4 or 338 But we salurate the CPU al
72%. So, the CPU /O Rate Saturation 1s 33870 72 or 245

The concept of CPU and /0 saturation is inleresting. You can now piol the CPU
utihzation and the VO utilization on the same graph. In the example above. if one
plotted the sample CPU values and the corresponding IO samples divided by
338. a graph similar to Figure 46 on page 46 might appear {f the RIOC was rel-
atively constant, the two lines should track with each other
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All nght. where do the power numbers come lrom? One could use a variety of
numbers

« The SRM constant
« MIPS numbers
» {TR numbers

The SRM (Systems Resource Manager) conslanl does have some relation to
CPU power. As the machine gets larger. the value noes up. How accurate is it
when comparing different machines? After all, the purpose is to convert CPU
seconds to service units. The answer is oblained by comparing the SRM con-
stant with actual measuremenis The answer is that jor the purpose designed.
the SRM constan! works for the SRM As a comparison of CPU power between
models, there is offen a large discrepancy belween SRM constant ratios and
measuremen! ratios. Bul, as always, this is beller than a random guess.

The MIPS (Millions of ‘I” per Second) numbers are probably not really measured
MIPS numbers but an estimaled power ralio from some base. That s, if a model
158 was really once a 1 MIPS machine, subsequent power numbers were merely
an eslimaled ratio of power. These numbers are oflen based upon vendor
announcements {"The new machine is between 18 and 2 2 times faster.”).

ITR {Internal Throughput Rates) numbers are measurements by workload type
which determine the capabilily of a machine in terms of the number of trans-
aclions per CPU second. Figure 47 on page 47 shows some measured ITRs for
a 3090-120E and a 3090-200 running MVS/XA W says that the 120E can do 35.78
CICS iransactions per CPU second whereas the 200 can do 1355 The ratio of
the two is the ITRR for CICS with one of the machines as a base, You can see
that ihe ITRR varies with workload.

August, 1993




MVS/ESA ITRs and ITRRs

cics3 IMS2Z 1502
3J0%0-180J B4 .80 53,30 19.94
3090-200J i165.236 97 . B6 38 .41
| 3080-30CJ 239.60 141.47 54 .38 I TR
3090-400J X0B_.97 176.8B5 71.03 |
3gep-5040J 3J76.59 251 .37 B85.83 -
3080-600J 438.31 247.44 99,25 :

| 5080-18¢Cd 1.00 1.00 .00
3080-2004 1,95 1,83 1,83
Jag0-3004 2.812 2.65 2.73 | TRRA
3090-400J J.64 3. 32 3.56
J090-5004 4,44 3.97 4.3

} 3090-6004 5.16 4 64 4.98

1

|

Figure 47 CPU Pawer compalalions

It a werkload was proportioned as shown in Figure 47 the ITRR for thal work-
load mix would be 3712 The average of the ITRRs i1s 3 548 That means thal this
specihic workload mix would perform about 5% beller than average The power
values Mvalues used Iaier i 1§ publicalion are 1aken as an average value of
CICS IMS and TSO scales lo a larger magnilude

CEC

M LPAR

’ M1 M2 Mi
System | spsiee | ... | Systanm
image Inage o Image

Processing Power Sensilive to: .

* Shared/Dedicated CPs
* Weights

# & Partitions

¥ Workloads

Egure 45 LPAR Requeemenis
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LPAR. the ability o logically parlition a CEC into smaller machines or system
images. {see Figure 4B) is a feature which makes the job of a capacily planner
inlteresting indeed. The dehverabie power 1o a pariilion depends upon the faclors
listed in Figure 48. Each system image thinks thal it owns the resources. A par-
allel concep! 1s tound m VM.

Although the system image thinks it s running on a system with two Central
Processors (CPs), for exampie. 11 may in fact be sharing the CPs with other parti-
tions. So, the CEC probably has some power number M (although it probably
varies wilh the LPAR confliguration, SCPs, and workloads!. and each partition
has an apparen! power number Mj

LPAR CP POWER AND WEIGHTS
LAAR(Me |
DEDICATE ISHAHE N CP3 I
A [wercnr=pr |
[Wo=F tux, mn,wn) |

A
]

Mc = Total Power of CEC mas Configured

Ms = Total Power Avalilable for Sharing
Mx = Power of Max Dispatchable CPs

Mw = MsxP= Power Guaranteed by Weight

Mn = Powet of Min Dispatchable CPs

Wp = Max{Mn.Min{Mx Mw))

l Capacity Planning Power

Figure 49 Parhhian Power Numbers
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Mw

Mn
Mp

LPAR CP POWER AND WE|GHTS
- An Eslimation I

3090-4008
LPAR Mc=3224
D=2 5=2 ] §=1

BYS/Xq  WYS/Xa | Mys/xa
W=407 ! W=607

Ms=1608
= 1615 1588 846
= nfa 1608+% .4 1608% .86
43 865
= nfa 763 0
= 16154 783 846

Figure 50 Partition Power Numbers, 2 Camputation
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The partitions which have ded:cated CPs are the ¢asv case Thase are running
almeost like a native system with some small overhead for being in an LPAR con-
figuration

The power for each shared partition will be a lunction of the number ol shared
CPs avzilabie 1o that partihon Thal would at leas! estabhsh a maximum Mx
would be thal power a partilion might get if the other pariitions sharing the same
CPs fell asleep Mx is the maximum power for any partiion (See Figure 49 on
page 48

The Weight assigned to a padilion is the amount of power the partition will gel
when push comes ta shove al 100% The weight 1s an atlempl to guaranice
seme propotrtion P. of the available shared configuration So. if Ms is a power
number for just the shared part of the CEC, the weighl says the minimum of Mx
and Ms™P is the maximum dellvered at 100% utilization.

Although the partition may be able to receive more power than Ms™F (it 1s nighl
and the others are sleeping), the smaller of Mx and Ms'P will be used as 2 guide
for capacity planning.

However, in the descriplion abave, Il was assumed [hat the available resources
were distribuled acress the sharing partilions What if there was mare power
than that? For example. in Figure 50. what would happen I lhere was no ded-
caled partition and the level of sharing (S=2 and 5= 1) remained the same?
This would mean that the shared resource could never be at 100%. One
processor would always be dle. In this case, regardless of the weight. Mx would
equal Mw.

To see whether the power requirements can fil inlo the CEC, one has 1o check a
graph such as Figure 51 on page 50 lo determine whether the 1otal power of the
CEC can accommodate the power requirements of the partitions.
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The total power of the CEC can anly be estimated {from a CEC running wilthcu!
LFAR The estimate thus buill will be a combination of power numbers - 3 func-
{ion of the SCPs runming n the parihions. since the power of the CEC will depend
upon the SCP even when running wilhoul LPAR

LPAR SUMMARY

120
F PARTA

= 100 E:::J:

g L pARTD

= 80|

- 60F

2 40+
" (8] |

[E¥]

o 20_ E’ I |
| ol 1 I

' 6/91 12/81 6/92 12/92 6/93 12/83 »

Figure 1 Partitvan Power Requremen!s

CAPTURE RATIOS |

CPU/CR

I ﬁ

Figure 52 Business Unit Capture Ratins
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One other word aboul CPU usage The reporied values in the data base for CPU
usage by workloead may nol be correcl The sum of the reported values for work-
ioads are usuaily less than the actual tatal The actual total is available In the
data base Capture Ralios adjust the reporied workload totals so that the sum of
the adjusted values equals the aclual (See Figure 52 on page 50))

In this adjusiment, one usually gels rid of the syslem address spaces (Masler.
JES, VTAM, etc} too. After all the forecast 1s in ferms of lhe business units
alene. That's why the graph is called Business Unit caplure ralio rather than
simply capture ratio. The traditional capture ralio weuld be numerically higher
because |t does not distribule the "Bystem” across the busingss units.

See Appendix D, "Caplure Ratios” an page 117 for a discussion of a variely of
methodelogies and tools avallable to compute caplure ratios,

There is a consequence of applying capture ralios which is neol immediately
evideni - what happens lo the YO rate of a workload when the CPU is adjusied?
The 140 rate or the RIOC musl be adjusted also Just as the workload CPU was
adjusted in order lo rnake the 1olal workload CPU be the same as the sysiem
CPU, the warkload 7O mus! be adjusted 1o equal the system /O

INPUT DATA ADJUSTMENT

SYSID TOTAL

CPU is adjusted
wlth Capture Ratios

& 1/0 is adjusted
il with RIOC

INPUT ADJUSTED
DATA DATA

Figure 53 Dala Adwsiment

Figure 53 shows the caplure ralio process and the subsequent RIOC adjustment.
if the input data had three business units and the sum did nol equal the system
image {SYSID) value. the CPU data would be adjusled so that all the CPU time is
accounted far by {he business unils Bul f thaere 5 a relalionship between the
amount of power used (M*B) and the DASD /O (8), adjusting M*B. may mean
thal the RIOC would have lo be adjusted so that the totals also match for the I/O.
Figure 54 op page 52 shows a numerical example

The example starts with an average systom CPU utilization of 57% and an
average DASD 1/O rate of 525. The wo workloads add only to 50% and 510
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respectively Using caplure ratics the tolal 1s adjusted lo match the system
value for CPU%. Haowever, once the CPU% Is adjusied, the ariginal RIOC values
now determine an /O rate of 579 Hence the RIOC values will have to be

adjusted

The I/O values originally shown for the workloads are in fac! problematical in an
MVS environment SMF and RMF do not capture physical DASD I/Os but block
counis. These may or may nol be In one o one correspandence with physical
I/Cs However. the counts could be used 1o proportion physical 1/0s in ihe same
praportion Allernatively the syslem RIOC could be used to distribute I/Os in the
same proporlion as CPU%

CPU AND /O DATA ADJSUSTMENT
} SYSID CPU 1/0 RIOC
57.01 526 .31
WKLOADT 32.01% 333 35
WKLOAD2 18.01J 175 32
50.01% 508
Adjus! CPU with Capturs Ratfos
WKLOAD! 36.517 382 .35
WKLOAD2 20Q.651% 197 32
57.01 579
Adjust RIOC to match SYSID
‘ WKLOAD1 36.51 339 .31
WKLOAD2 20.51% 185 .30
524

i 57.01

L

M=3000
§26/1.67%3000)

M3Bs»RJOC

Figure 54 Date Atjustment Example
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DASD Resource

Figure 55 2 Path BCU

August, 1583

STORAGE STORAGE
PATH O PATH 1

There are a number of ways o approach the DASD subsystem for capacily plan-
ning, The choice can besl be decided upon examimng 1he guestions 1o be
answered "What equipmen! (channels contrallers. and acluators) do | need to
do the job?” 15 one gueslion The rubas in * do the job” Does this mean have
enough space 1o store megabytes or provide \he space and response lime
needed?

The unit of ptanming that will be Illusirated here 15 Lhe Basic Configurable Unit
(BCU) of which the 2 path BCU (3880 technology) Is Illustrated in Figure 55 The
choice of 1he term "BCLU may be somewhal polifical In mos! cases. as we shall
see, the BCU 15 1denlical to the MVS 'LCU" {Logical Controi Unil) The BCU con-
struct 1s used for thase cases where the LCU is not identical lo the BCU, for the
VM family of SCPs where LCU does nol appear (and VM and MVS partisans
have been known to be in friendly compelition) and lor VSE SCPs where LCU
does nol appear

Crapter 2 Capacity Planning Concepls. 33
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Figure 56. LCU to BCU Conversion
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Figure 57. LCU to BCU Conversion
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Figure 58 LCU ta BCU Conversion

In Figure 58 on page 54 the cantuurdlion o the 1ef s twa BCUs The BCU con-
trollers, 1n this case, are nol wdent.eal with 1he physical boxes There are two
controller boxes bul the mapping [0 BCUS 18 aiffgrem In fact i 1s the preferred
method of connaction This cannechion grovides hefler avalability. In this case.
there are two PMAVS LCUs and twe Jenlicsl BCUs  The first BCU contains storage
paths A and C. the second 8CU cantans slarage paths B and D,

In the same hgure, the conligurat-on an the night 1< problematical It is one LCU
Is 1t one 3CU or twe? There are lwo controliers (four slorage direclers) bul only
two paths to slorage’ The perlormance ol a BCU 15 @ funchon of the actuater
geomelry and the accessiintily of paths o processor siorage. The presence of
the additional controller does nol improve palhing 11l may improve the ability of
adding acluators to g storage path For perlormance. this would be modelled as
one BCU. The environmenlal data {floor space. heal elc ) will be less that actual,

However yvou may wan! lo censidear prajeching N as wo BCUs 1T in the fulure you

| plan to connect it 10 such a way as 1o use the full capability of the two contrel-
lers Far example you have additionar channal paths on your pgracessar that you
can use.

The BCU in Figure 57 on page 54 presenls a problem fo any modelling tech-
mgue Foriunately this accurs in earhier technojogies  The 39830 and cache tech-
nology prohibii this spaghetts It s one LZU  As an approsmation. | would model
this as lwa BCUs.
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Figure 59. 2 Path BCU Cagacity
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In order to answer the question "How many /O operations can a 2 path BCU
perform?”, reference the curves in Figure 59 Nate thal the 3380A/0 BCUs have
16 actuators whereas the 3350 has 12 How many 1/Os can a 3380 standard
{3380A) BCU perform {16 3380A actuators 3880-3 2 path controller)? 407 807 807
1007 Tha!l depends. It depends upon Llhe desired response time. Il the require-
ment is for a worst case of 20 milliseconds. then one should not plan for more
than 40 VOs per second at that response time |f the worst case could be 40 milli-

seconds. that's a capacity of about 100 A ol more

The capacily is not only a function ol the hardware. bui the hardware and the
Service Level Objeclive (SL.O). For DASD. the maximum expected response time
(for a device with an I/O rate grealer than 1/second) is beng used as the SLO.

Where do these curves come from? They were developed {from modelling and
assumed /0 characterislics. Even though the assumnptions may be impeccable
the results are sirictly dependent upon those assumptions. The assumplions
include specification of:

= Connect time
= Disconnect time
« [{C skew across the aciuators

If the assumptions ¢laim that a 3380A ECU can do 100 I/Q0s a1 a SLO of 40 Ms,
does that mean ihat this 1s the maximum rate that this hardware can aftain at 40
Ms? No. Change the assumptions and the rates and response times change
accordingly. Remember, when comparing different hardware, the comparisen 15
valid if the assumptions remain the same. Obvious. but sometlimes forgoiten,

Some of the other BCU configurations and curves are shown in Figure 69 on
page 57 lo Figure 62 on page 58
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Figure §2 4 Patlt BCU Capaci'y with Canne

Cache canirallers 2re 2isa subject to further assumplions af Read to Write ratios
IR W) Read Hit ratios {RH) and whether extended funchions of ihe 39%0-2 such
as Fasl Wnite (FW) arz used Figure B2 shows how the capzcily curves vary
with these assumplions

When making ar assessment of an VO conligusat.ons capzkilly perfermance
curves sich as thosz llustrated w.ll vary from aclual performance achievements
Using lixed curves or tabular performance numbers for both processor and
DASD wi!l aiwavs be gn approximalion 9! realily A beller approximalion of
actual perlormance reguires a delailled modal such as IBMs analytic aid DCAT.
There s an mtermedate siep oetween these fived curves and a full analytic
anproach That would be to construcl a family of curves for all BCUs to reflect a
varation ¢f assumptions This would be an exlension of Figure 62 which offers
addilional perdormance curves for the same BCU In thal case. the family of
curves s through 3 variatons of Read 10 Wrile ratio. Read Hil ration. and Fast
Wrile ar nal The exiension of thal to all BCUs would permit a variation in
connect ime to reliect different apphcalion types actualor skew modifications
and maybe even seeh characlernsiics

Althouah these curves are a rough approximation. in capacity planning the I/0
configuraticn 1s changed ic plan ture requirements. and for mos! cases, s s
suflicienm. Thange in the VO conhguration means adding and deleting boxes
{actuzalors or conirollers). Given the mavemen! of equipmenl even with a
detaited mode:, the perormance projecltion requires detalled knowladge of data
sel movemant Is the migralion of whnle volumes or are datasets moved to dif-
ferent volumes? Does the |'Q characleristics ol the volumes remain the same?
(Medelling Is usually dene on a volume basis ) Unless this 1s carefully modelled,
a lot of work, an easier methad {using lhese curves) can often provide the level

ol accuracy o do the 0o The rasier method s illusiraled here. J
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If BCUx can do 100 I/Os at a given SLO, will 2 o! them do 2007 3 of them 3007 If
ife was anly that nice' No, we cannot expect 1o have a uniform distribution
acrass controflers. Jusl as the dewices in 8 BCU are not equally used (actuator

skew), the controllers are not equally used (BCU skew)
empirically developed from dala obtained aboul Logical Confrol Units {usually

equal to BCUs in MVS) Figure 63 shows that the

The BCU skew can be

LCU USAGE SKEW
50
40 -
o
= $LCUS #Samples
. S0r —h1-5 20
= w0 6-10 19
T -=-11-15 12
fﬁ i —X- 18-20 7
| 10}
| i s
| 0 LSy o“tf—'ﬁ'.i:g-_i_,_q_‘_*
0 5 10 15 20
| Ley

Figure 63 BCU Skew
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BCU Load Skew in [/
1 2 3 4 b £ 7 B I
K
1 100
2 83 37 )
3 48 28 24 (i /K)**2/3
4 40 23 20 17
[ 5 34 20 17 15 14
¢ 0 18 15 t3 12 11
7 27 16 13 12 11 10 +to
8 25 15 12 11 10 ] 9 9
9 23 14 11 10 9 ] 8 ]
10 22 13 11 § 9 8 8 1 7
Figure 64 BCU Skew Algebraic Approximation o
LCU Skew, An Example
$BCUs Digstribution
3 481 287 241
4 4017 231 207 171
I /0 | /0 per BCU
100 3 438 28 24
100 4 40 213 20 17
120 4 48 27.6 24 20. 4

| E——

Figure 65 BCl Skew, an Example

skew across contreoliers is a function of fthe number of controllers. A compleie
discussion of this topic can be found in @ paper in the CMG '80 Proceedings.

(CMG reference 1 on page 123.)

The BCU configuration process Is delermined by the following steps.
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Eslabiish the /O rate requirement by prajection pericd

. For each proposed BCU selec! an SLO

3. Determine the rate for each BCU from lhe performance curves as if Il were
the cnly BCU.

4 Use the BCU skew curves to determine the distribution of Y0 across the
gwen number ol BCUs Order the BCUs by capability

5 Delermine whether the BCUs can service the expecled total rate disiribuled

in that manner

N

In Figure 85 on page 60 there 1s an example Al 100 [/0s per second and 3
BCUs, it is expected that the VO will be distributed (0 the 4855, 28%. 24%;
manner What happens immediately when a faurth BCU Is added? Nothing The
distnbution would be 48% 28%. 24% D% since no data s on the BCU If the
total rate to the configuranon remains al 100, and some /O migrales to the
fourth BCU, the rale to the other three falls. The /0 spreads out. II is nel until
the rale ls 120 that the four BCU distribution of 40%. 23%. 20%, 17% that {he
first BCU is back lo 48

If one knew the acteal 3 BCU distribubion in an installation, could you predics
what the final distribution would be when the fourth BCU was added? Wilhoul a
delatled migration descriphien? This s why the theorelical disinbulion 15 used
here Il is expected tnat boxes will be added. deleted. moved around and the
detalled data movement scenano will not he available

Storage

Far I/Q planning the process was o esiablish some hink between the processing
power used and the /0 requirement This ralabonship is embodied in the RIOC
formula S=M"R'B As (M"B) increases. S increases in the ratio delermined by
R. Wouldn’t it be nice f there were a similar relalionship belween power used
and processor storage required Well allhough there doesn'l appear to be any &
prion relationship. there does appear ta be an empical relatianship. In anether
CMG paper. also by Joe Major (CMG Reference 2 on page 123) we find such an
empirical relation. This 1s shown in Figure 66 on page 62 The amoun! of
Processor Storage (PS) is a lunclion of lhe basoe system (2071 25°°N! and |he part
for the workload (001 (M'B} ")
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' Proc Stor = Base + F(Power used)

D
PS = 20%1.25 + 0.01#(M#B)

Base value Worquad |
Soffware Contribution
Level Calibration
Adjustment Factor

{(Sea Joe Mejor, CHG "90)

Figure 66 Storage-CPU equation

Processor Storage Estimation

¥000 ~
= CPU WVS/ESA
[+ =}
= (000 Wada! u 1.58
— 30%0-E0BL 5410
& 3090-5004 4815
S 40Usl  3080-400J 3A50
w 3090-3804 292D
- 5090-2804 2035
° 3090-250J 103
o oa000f-
L=]
= 1000 -
o
L--]
L* ]
2 moor
o r 1.26
[ — — = x ]
| o 1200 1000 1000 2000 1000 2000

M Uszsaed

Figure 67. Slorage Estimaton

Using tus formula. processor storage requirements can be estimated based on
software currency and the amoun! of starage currently being used. The process
would proceed as follows. (See Figure 67)

1. Chose a soflware leve! index (M} 10 establish the system part of lhe equation.
How much PS is needed for MVS to just say "Hello™?
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N Systew

b w3

- £h 4.7.0

P h...0
g 20 153
-1 ib 3...0
-2 13 2.2.0
-2 10 g, L7
- ] £.1,3
-5 7 2, 0.2
-5 3 2. gl
-/ L 2.3.0

2. Calculale M"B
3 Compute PS sworage currently userd Tnal's [he sum of

» Expanded storage online less ES unused (available)
« Central storage onhine less C5 unused (available),

4. Given N, PSS and M'BE solve tor D

5. If the actual vaives for the calibration part D lall willin the range 1.26 10 1.58
a projection tor futtre PS requirements can be made as a function of future
M*B requiremants

The process does not say thal i the cahbrauon factar 1s outside of the range.
thal projection |s impassible 11 says that of all the data used 1here wasn’t
enough 1o that range 1o support 1he projgction

Experience has shown thal systems rich in slarage lend to use the existing
storage whether necded or nol The only indicalors of a rich system available
from RMF would be large UIC and migrat:on age values Experimentation can
verify this. Simply vary amounis of starage oflhine 1 a siaged approach to deter-
mine whether pain (storage nelays) begins 10 appear

The other end of the spectrum slorage paupers are easy to detect There's lots

of variable documenting storage delays There's hardly any instances ol slorage
paupers thal are not experiencing storage delays

i1 is also recommendcd that the pened of projection nol be extended beyond 2
years Afler two years enough has changed Io call inte question the calibration
value.

This process assumes [hal the page and swap VO togelher constitute less than
8% of the DASD /O rate and the workloads used in the calibration remain the
same for the projection penods Wnal W the current paging and swapping 1/0
rale I1s grealer than 8%7

If the paging I/O rate is greater than 8% the initial storage must be increased to
drop to rate below 8% A lew lormula have been found which relate the change
in precessor storage o the change In paging rate. Intuilively. with a constant
workload. an increase In processor slorage reduces paging

Formula One™._...

11 See Reference 2 on page 193,

Augus!, 1953
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| 0De ] - g%
| whewe X 15 the prope~tron “ncrease 11 processgr slarage
D s proportron of pagirg I/0s el r-nated

Roughly, if the storage is increased by 50%. the paging I/O draps by 53% If one
doubles the storage. the paging /O decreases by 78%.. This formulz has nol
been calibrated for a while and 1s probably still a reasonable estimator for small
PS sizes small being around 64dmb

| Formuta Two™...

] Kew P3 = G7a_=R = [{01d_75)/{kew_¥3))"*2
| whnere PR 1s Paging Rate

| PS =z Used Processor Storage

| Formula Three'™.. .

; L= AY / (y + dy)**{1+v/20)
' where Y = currert pegeghle storage in MB.
cy = storage acdec
L = Proportior of pacing 1/0 stil]l wemain*ng after
storage ircrease (1-0) an formule 1.

| Growth

| The best 1s saved for last. ..

| After all the work is done processing the inpul and that's a lol of work capacity

[ planning begins. It begins by gathering information aboul the future. The future is

| described in terms of growlh rates applied against the business unil resource

| description Given a currenl resource reguiremen! of a business unil at P, and
growth rates over some duration say 3 months of 105 115 117, and 1.20 the
resource requirement for the next year s developed as follows

Pa = Current Rescurce Lsed

| P, = Py * 1.05
| P. = o, *1.15
| P, = 9, ¢ 1.17
| P, = Py * 1.20

| That's simple enough. bul since we worked so hard 1o gel accurate data for Py,
| we are interested in the accuracy of P. Any guesses?

f The answer causes the faint of heart to look for a different job. The accuracy of a
| forecas! ts as good as the growlh numbers Whal if the growth rate for the first
period was 40% {1.40) ralher than 5%7 It would mean that the real rescurce
requirement for this business unil Is significantly larger than expecled That's a
correspondingty significant problem - the resull of the capacity plan is a capital
acquisition which represents the business’s readiness for data processing ser-
vices and a poor capacity plan my understate the requiremen!. It could aiso

| overstate lhe requirement. That's a waste of capilal resources

| Whal do you do with a forecas! which s suspecl? You do what a statistician does
| with varying data. You bound it Figure 68 on page 65 shows a bounding

| Mopormiue fram shely Weinberg, IBM 1S Management inslitule

| 18 See Reterence 4 on page 123,
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graphic Replacing the expected growlh rates with values somewhat larger and
small an upper and lower bound can be drawn These values are oblained by
experience and knowledge cf the business

= What vanation was there in the past?
* |Is the busmess ciimate possibly more pessimistic than forecast?
= More optimistic?

Given these bounds. the resource projeclion does not yield a single point but an
interval with some point within the interval representing best guess.

One other reason for applying bounds fo a forcast (s that the real forecast may
nol be known 11 is quite often that the lorecast or business plan is guile confi-
denhial and the capacily planner |s asked lo evaluate a number of scenaros
whict represent a range of growth possihillltes

FORECASTING '

A Bound ‘
; = 3 Expacled ,
158} |
= — —— p— — — — — — —
Ll .
=
; .+ L Bound
o
[EN]
x _—_—+
' 1 ER— |
PD

PERIOD

Figure 68 Forecas! Bounding

August, 1893

The capacily planner shouid alse be very aware of mos! activities related o dala
precessing Here's a partial List of things thal can dramatically impac! resource
requirements

« Laten! demand as aiready menlioned may be oul there ready to eal you
alive

» More work stalions may be planned for an existing department withou! any
exlernal growth specifications This increased access lo 1he system can
resalt in an impressive increase in resgurce usage

* A conlrol program apphcalion upgrade can change the resaurce require-
ment,

« Technclogy upgrades can translate info more work, An aperational improve-
ment, say DFHSM, might collapse the tme waiting for data. That's more
transactions alheil mare productivily too

Crnapier 2. Capacly Planning Canceols 65
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There are some general observalions aboul lcoking into the future.

= Growih requires room. If the resources are salurated. growih may appear (o

stop or siow significantly. Waitch out for laleni demand.

* A resource buffer may be required lor the unexpected. if the business envi-
ronment is very dynamic {acquisitlions and mergers). a large amount of
resource may have to be reserved to be ready for a4 business opportunity

» Certain software may enable business opporiumiies, Waich for sofiware (or

hardware) which could make the business grow.

» Is the current architecture impiementation imiting growth? Would moving

from MVS/XA to MVS/ESA enable applicationsg?

Above all, keep history data. It serves as a tes! of truth. At least il can serve as
a warning about the differences that can arise between past expeclations and

what really happened.

In general, most people under eslimale resource requirements.

August, 1993
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Chapter 3. Capa

cp
1

city Planning - A sample.

inpu!l Process

Establish the structure Drawing a picture of the hardware and software, such
as found in Figure B9, pulls togelner the relationships of the items drawn and
the data involved On the lefl is a single system image On the right. an
LPAR. The DASD and the shared BCU is shown. The picture also shows the
level of detall lor the data. workload data will be needed

Gel data lor each sysiem image {Processor, storage, I/0). The data required
will depend upon the structure depicled below. For example. if the BCUs are
included you will require DASD /O stalistics for all the system images.

Check sample selection Are all the workloads active? [s the data chosen
laken from the same me {rame? |5 Ihe data complele {all the objects
describea)?

Adjust data (Caplure ratios. [/0 tolals] For a structure with workload {or
business unil) descriplions. the data should be adjusted so that the sum of
the CPU /O, and slorage equal the 1otal for the system. The adjustmenl of
the datz for the workloads creates a sel of cbjects which describe the
syslemn image {see Figure 70 on page b63) For this example. the objecl has
three dimensions - CPU, I/Q. and starage The sum of the objects fill the
syslem image The system image may be an object uself as part of an LPAR
Regardless. the workload is the basic object.

The projection process provides a description of how \he workload objects
grow in the three dimensions The task is then 16 provide a fit container for
the objecls with an appropriate amount of space lefl for future growth. Con-
tainers are defined {(new CPUs single system image of LPAR} and the
objects are moved around 1o ge! 3 good fit

STRUCTURE

CEC CEC

MYS Systom LPAR Supsrvlser

CICS |750 |BAT [Work Work

MYS |MYS5S |VSE [Syatem

|

|
]

BCU BCU BCU

Figure 069, Overall Siruciure

€ Copyright 1BM Corp. 1983, 103%, 1033 67
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| Figure 70. Capactty Planning Objecis

Capacity PLenning Objects _/:____
'l
b
{
ﬂ :
et g 9
\\Q ’
‘h
Myulue s’ |
X - ‘
D — D — o
Workloads System CEC(s) :
‘ Image({s) .
|

| The rest of this chapter demonstralas a capacily planning process (llustraling
| topics discussed in the previous sectian  The process 1o be demansiraled will
nol be compleie lo avoid repelitive discussion Here's what we shall go.

1. Input daia for currer! systems

= System {SYSID) data for each system which 1s CPUY. DASD /0 rate
and Page and Swap /O rate

» Storage configuration an ophonal slep i capacily planning

» Warkicad Dala, an optional slep which consists of either CPUY% and /G
data or just CPU%..

» BCU data. which is also aptional

+ Adjust CPU% for workinad wilh capture ratios if needed.

» Adjust RIOC for warkload if necded,

2. Projections and Reguirements for the Fullure

« Enter Growth scenarios for each workload

= Storage Projections

* Processor Projeclions
— Migrale to larger processors
= Combine processors onlo a single syalem image
— Move system images to an LPAR

» DASD Projections
— Delete and Add 1o configuration
— Examne /0 rate requiremenis
— Examine enwironmental requirements

68 @aelbnces Systems Augusl, 1692
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CPQO - a Capacity Planning Tool

CP90 is the 1ool used 1o illustrate this capacily planning process, and o demon-
sirate the effeclive and credibie methodology discussed in previous chapters.
CPY0 is a capacity planning ool available to IBM system engineers on their
HONE {Hands On Network Environment) system. Cuslomers can also use CP30
by subscribing to Capacily Planning Service on IBMLINK.

Chapter 3. Capacily Planning - A samdle 69



Capacity Planr;_i_r;g Sample Data

The illustration that follows is a two CEC complex The data is constructed o
feature the iopics discussed in the concepts chapler System A. the development
system. is running 7SO and Baich System B, the produciion syslem, is running

CICS8 and Batch.

Development System

SYSID. SYSA

CPU Model" 4381-24
SCP. MVS/XA

CS Online- 32

ES Online: 0

CS Avallable: 1

ES Available: O

Table f. SYSID input data

DATE TIME DURATION CPU% DASD t/O Page! Swap
mm/ddfyy hh:mm hh:mm Rate 11O Rate
3119/91 8:00 8:00 62%: 98 14

3/20/91 8:00 8:00 659 97 12

3/21/9% 8:00 8.00 72% 108 15
w2200 800 8:00 68% 99 14

3/23/91 8:00 8.00 75% 100 17
Development System Workloads

Workioad Description: TSO Development

Growth Rate: 10% per annum

Table 2. TSO Devefopment Sample Data

DATE mim/ddiyy TIME hh:mm DURATION hhimm  CPU% 1
3/19/91 8:00 800 25%

3/20/61 8:00 8:00 27%

312191 "~ 8:00 8:00 249

3/22/91 8:00 8:00 24%

3/23/9 8:00 8:00 23%

70 Balanced Systems
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Workload Description. Batch Developmen
Growth Rate 20% per annum next year and then 15%.

Table 3. Development Batch

TIME hh:mm

Production System

DATE mm/dd/yy DURATION hh:mm CPU%

3/119/91 8:00 8:.00 27%

312079 800 8:00 29%

312151 8.00 #.00 30%

3/22/91 §.00 8:00 30%

3123581 800 T 28%

Development System BCUs

Tahic 4. BCU Dala

8CL ID Contraller Actuator # 1{O Rate Maximum
Type Type Actuators Response

BCU 3880-3 3380A i2 87 42

BCUZ 3880-3 3380D 16 10.51 62

SYSID 3YSB

CPU Model. 3090-200

S5CP MVS/XA

C5 Online §4

ES Online 64

C5 Available; 2

ES Available: 10

Table 5. 8BYSID input data

DATE TIME DURATION CPU% DASD /O Page/ Swap

mmfddfyy hh:mm hh:mm Rate /O Rate

39/ §:00 8:00 B3% 420 3

372009 3:.00 8:00 79% 400 5

32191 800 - 8:00  84% 440 4

3/22/914 8:00 §:00 80% 398 3

3/23/91 800 800 82% 430 5

Chapter 3. Capac:ity Planmng - A sample. 71



Prodiuction System Workioads
Workload Description. CICS Production
Number ofUsers: 100

Trans/Minute: 10

Growth Rate Adding more users every B months, the
users are gelling more sophisticaied, and productivily is increasing.

Table 6. Production CICS Sampie Data

Balanced zystems

DATE mmiddlyy  TIME hhimm  DURATION CPU% 110
hh:mm

31981 800 8:00 s0% 250

3/20/91 8.00 8:00 52% 275

3/21/91 800 8:00 55% 275

3/22/91 8.00 8:00 46% 267

3/23/91 8:00 8:00 48°% 282

Workload Description® Produclion Batch

Growth Rate. 10% per annum

Table ¥. Development Batch

DATE mmiddlyy  TIME hiumm  DURATION cPU% 1O -
fih:mm

3/19/91 800 T 00 259 80 )

3/20/91 8:00 8:00 27% 120

3/21/91 8:00 g0 0% 98

3/22/91 8:00 8,00 3% 110

3/23/91 8:00 800 3% 109

Production System BCUs

Tabfe 8 BCU Data

iZCU 1D o Controller Actuator # IfO Rate Maximum

Type Type Actuaters Respaonse

BCU2  3880-3 3380D 16 17.91 83.6

BCU3 3880-23 3360E 16 189 24

BCUA 38803 3380E 16 87 38

BCUS 3880-3 3380E 16 66 37

BCUS 3850-3 3380E 16 27 38

August, 1993
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Current System Definition
The execution of the capacily plan will use CP90 ta illusirate the steps required

Processor data Input
Enterprise definftion begins with a processar configuration specification The
CEC Specilication is a combination of Supervisor and CPU maodel If the Super-
visor was LPAR. further definition would be required (Pafiticn data and SCP) In
this case, the Supervisor 1s an SCP (MVS/XA} so no further definition is reguired
The SCP and CPU Maode! will determine nol only the processor capabilities {Is
LPAR possible?) bul also the power number (M Value in CPS0 terms'®). Each
CEC s dentified by a CECID (Figure 71)

Enter the SYSID Data for SYSA as an example {Figure 72 on page 74.) The
date, fime and duralion should be kepl somewhere as o reminder of the dala
source. The time period of the data may have an impact on the results. Are any
ol these days a weekend? The duration 1s a reminder ¢f sample size, Here we
have B hour samples With 8 hour samples we should expect a steady RIOC. If
the samples were 15 minutes the variahion could be [ar greater

Natice that the Peak to Average ratio (PAR} s only 1.1 The computed saturalion
design point (SDP) would be 100/1 1 or 91% This is based upon the samples
enlered Bui the samples entered are averages for 8 hours Peak to average
ralios should be based upon much smaller samples Son this case we shall use
70% inslead of the computed value

Frocesser [nmpal Entarprias Specitication Ponmel: ACENT
CECID: A)I

Entur ar raviaw CEC dgoto.

Enter 'S* in Sel Tield tor eoch CEC 1o be proceswed and preann Enter.

SCP und CPU Modu! ofimct the N vaoluse. Roview SYS|D dotg whan chamged.
Enlacprinse Mame : Bolenced Systsmy Sample Une PFT/B to scroli:
Wumbar ol CECiBs: 2 irdes CPU Wodele

1 §021-720
Index, SCP/ Indux or Yolid SCPw/ 2 BD71-620
Sel  CECID Supervisar CPU Madu) indwx Supwrvivars 3 90i1-380
4 9021-500
5YSA BVS/%A 4381-24 | LPAR 5 8121480
SYSH WVS /XA J0R0-200 2 YU/XA § 9121-440
J MYS/LSA 7 §021-340
4 WYS/XA B 9021-33D
5 Wys/sp $ 8121-320
§ VSE 10 §121-280
7 Yu/HPO 1 §121-216
2 vu/5p 12 8§121-7180
§ Y9 13 9221-170
14 9221-150
15 §221-130
1§ 8221-120
17 Joag-287 [
PP: Iwhglp I=Savs I=End 4=Comman! B=Selwci Al! T=Bockward B=forward
B=Auto leput 10wEroae Al| dole T1=Ercye Prejection data 1Z=Cancal

Figure 71 Enterprise Definiion

W The M Valde in ©FPO0 19 developed lraom a scaled ITRR.
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Processsr Tnpol CPU gad 1/0 Specificalien Panal: ACSID
CECID: SYSA SYSID: S5YSA
Edil or raview CPU, 1/0 and Foging Daole.
Coulion: Sum help parel For unique d{unclions of this editor [PFB).
Mumbar gf Semplon: 5
File Id Deie fima Dur CPU 1/8 Fl!lﬂi
ar Semp. 4 Bi/DD/YY HH:MM  HH:MW I Rote 5100 RIOC
i oifio/ 08:00 ge:00 §2.0 .0 14 .41
4 05/71/91 0#:00 0Q#:00 §3.10 i7.0 Vi .39
3 B5/22/87 08:00 0B:00 72.10 108.0 i5 19
4 g5/23f8y  08:00 0&:00 it. 0 80 14 .38
5 05/24/41 04:00 0A:0D 5.0 i00.0 17 .35
|
|
Averoge: B3 4 100.4 14 3%
Compuind PAR: 1.1
Compuiad SOP: B} S0P lo be Uned: 78
PF: 1-HIJ? 2=Crophice 3=End 5=Coatinue E=Edil T=Hockword O=Forward 9=-Top/Boitom
12=Cance

Figure 72 SYSA SYSID Dala

Workload Dala Input 15 simllar 1o the SYSID inpul (See Figure 73 on page 75)
For this case we don’l have any /O data Tor the TSO Development workload
Inpul consists of the CPU% data Wilhout any I/0 dala the eshimale of I/Q will be
oblained by using the system RIOC value of D 385 Since we don't know the
capture ralios ye!l, we will use a CR ef 1 Both the RIOC and CR may have to be
adjusted later when all the workload data is enlered and we can compare the
workload totals to the SYSID lotals and adjus! the workload values accordingly

For Ihe second workload. we enter the data in a similar manner (Figure 74 on
page 75). In both cases, the assumed method of growth will be growlh by
CPUY%. Otherwise, the data would have to be galhered for the number of users
and number of tfransactions and entered here with the workload.
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Procenser Input FWorklowd Cale Ponal: ACSHP
CECID: SYSa SYSID: SYSA
Nortioad: TS50 Ouvalopment

Enter or coviaw workloed lﬂﬂg]l dele,
Use PFE lo sufecl madn of mnlry.
~ Entar or cheaqge the CPU, CR, or RIOC to compute /0.
~ Entar or chenge the CPU, CR, or /0 lo computa RIDC.

5YSID CR: .78 Syatem RIOC: .38% Hymbrr of Uwmra: 0 {Dpl
Warklood CR: 1.00 Worklosd RIOC: 385 Transoctleanflia: 0 [Opt '
Datw Dur. CPU  CPUS 1/0 Compulad
MW/OD/YY Min. lnput CR Iesput 1fo '
05/20/%1 440 125.0  25.0 0 3B.7
05721781 480 27.0  27. 0 9.8
05/22/%1 480 14.0 4.0 .0 35.12
05/23/91 4B0 4.0 4.0 D 35.2
D5/24/91 480 23.0 23.0 0 337
Averogqas 24,5 24.8 .0 6.1
PF: twHalp Z=Craphice 3I=Ead &mfntar CPU-1/0 JmBockeard B«Farecrd ¥=Top/Betlom

10=Prgvicous Workiood 11=Nuxt Woritlead 12=Cancel

Figure 73 Workload Input

Provawser [npel Wortlesd Deta Penel: ACSEP
CECID: SYSA SYSID: SYSA
Workloed: Betck Davalopment

Enter ar reviow workload sample dels,

Use PF6 te selnct mode of weniry.
- Enter or chorge ihe CPU, €R. or RIDC {0 compule 160.
- Entar or chaage the CPY, R, or 1/B to computs RIDC.

5Y5iD CR: .78 Syatam RI{QC: 385 Numbar of UVnare: ¢ Eﬂpl |
Warkjood CR: .78 Worklood RIQC: 385 Trensaciiensfulin: ¢ (0pt |
Dair Qur. CP CPUJ 1/0 Compyled
N/DD/YY Min, lapul CR Inpul 1/0
05/20/91 480 7.0 34.% 0 50.8
g5/2178) 40 280 37.2 2 54.5
05/22/9) 480 30.0 38.5 0 554
05721731 430 30.0 38.5 0 554
05/24/91 420 22.0 35.% o 52.7
Averogr 0.3 36.% 4 542 |
PP: 1=Help Z=Graphice 3InmEnd Bafntar CPU-1/0 7=Buckeaid B-Forvard 9=Top/Boltom
10=Frevievs Worklood 11=Naxt Rorkiond iZ«Cencel

Figure 74 Workload lnput

Augus! 1853

Once the data for all the workioads 1s entered We have 1o compare the work-
load totals to the SYSID total and adjust the data. Figure 75 on page 76 shows
that the CPU iotals and the /O tolals are off sullicienlly o warrant adjusiment.
The data displayed already is adjusted with the workload capture ralios provided
earlier. but with a place-haider of 1 A capture ratic of 1 does nothing.

Chapter 3. Capacily Pianning - & sample, 19



Caplure ratios can be compuled in a number of ways The graphic in Figure 78

on page 77 shows the difference between the workioad datz (the bars) and the ¢
systemn lotal {lhe line). The caplure ratios atlemp! o make them as close as H )
possible In this case. we shall use the system capture ralio of 0.78 Figure 77

on page 77 shows the dala adjusted o the new value

This adjusls the CPU tota!s 1o match For this case the /0 15 close enough to
the SYSID total. We shall see an RIDC adjusiment later

Pracamser Input Worklead Summar Panrl: ACEKL
CECID: 5YSA SYSih: 5YSA
Woriload: All
Enter r:v ivw workloed descriptionn.
n

or
Enfnr '§° Sef field For wach workioad 1o be proceraed end prase Enlar.

Uniqun Workloecd Adjuylad
Sal  Dascriplison CPU 1/a e )
¢«  TSO Duvulogment 244 36 ‘
* fBotch Developmunt 8.8 42 ]

Fosrkload Tetal 53.4 'L ] ‘ ‘

SYSID TOTAL 6B 4 100
Warkload CPU Lotal dilfase from System CPU UlTlizatien {51), Adjunt CR. l
{anl E=Seluct All -Euci!erd =forward

PF: T=Hatg Z=Cropphicy J=End 5-Con
i-!cp{Bngtom 10-Adjusi CR Yi=Adjust RIOC 12=Cancul

Figure 78 SYSA Wourkload Summary

76 Balanced Systems August,
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Procesger Inpul Coptura Rotio [CH4 Adjustmant fanel: ACCR
Workiood: Al CECID: SYSA SYS1Q: SYSA

Adjuesl CR Monually, ¢r use funclion keys for assislence in odjusiing CR.

Workiead Ingut Calfc. Workload
é 1/0 CR cry CPLU Dn:ri}lﬂiun
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Figure 77. Capture Ratio - After
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Storage data input {(Figure 78 on page 78) is rather siraight forward. However,
we are appropristely warned that the paging I/0 rate is over 8% and will have to
be adjusted prior 1o any sucessiul storage projection. The available values are
for thase unused {rames That would be the average available values on the
storage report in MVS,
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Figure 79 shows the summary of data pu! into the model for 8YSA Netice that
the Hislorical Peak to Average Ralioos 1 i we replaced thal with 18 the latent
demand would indicate 100-1.6%68 4 or 9% The DASD input for SYSA will nol be
shown here. bul will be shown shartly lor aYSB tn this chapler
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Figure 79. SYSA SYSID Summary
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The input process for SYSB follows a similar process - CPU data input, workload
dala, storage daia, and then DASD data. Figure 80 on page 79 shows the work-
load summary for SYSBs workicads afler the capture ratios have adjusted the
CPU data. The workload total for I/0 1s different enough from the SYSID total to
warrant RIOC adjusimeni.

Figure 81 on page B0 shows the original input. The diflerence between workload
and SYSID I/O is -9 8% Although the input workload I/Q came from RMF gdata
which reports only "block” counts, the RIOC adjusimeni could be made using
these somewhal ficlitious 140 counis. One could distribule the physical I/0 count
in the same proporlign as the block counts. Figure 82 on page 80 shows the
results after this adjustment. The other alternalive is 10 use the system RIOC for
each workload. This would assume thal each worklcad produces the same /O
rate for the same amount of CPL.

The SYSID summary for 8YSB is shown in Figure 93 on page 88
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Ertar or revinw worklood dencripiiona.

Entss

iy

Workload I/D totof differs from 5 stem 1 /0 f e Ad]ull RIDC
PF: l=Balp 2=Grephics dmwind 5= Con Inue B=5g A
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CECID: SYSB SYSI0: SYysSB
Warklacd: Al

'S' in Sel tiwld for woch weriload Yo be processsd end proxs Enfer.
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Batch Production 1.2 103
¥Yorklood Tolo!) 7! 4 313

SYSIO TOTAL
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Figure 80, Workload Summary
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DASD data Input

The DASD data for SYSB 1s enlered in \wo phases The overall performance
piciure and then the environmental information  The performance dala may be
entered in multiple levels. The first level is entered in Figure B3 on page 82 in
lerms of the controller type. DASD type. I/0 rate and maximum /0 Response
lime. '

| Response time dala on the BCU level may be opticnally enfered as shown in
| Figure 84 on page 82 This data can be used to review lhe components of
| response time as shown tn Figure 18 on page 20

In the event that we need o review further the performance data of actualors on
each BCU. this is shown In Figure 85 on page 83 This data is not entered by
manual input, but is included by aulomated input iools to CPY0.% In this way.
DASD performance dala may be used as an overview as well as for detail per-
formance management. Figure 85 on page 83 shows the review of actuator data
for BCU2 which has a maximum response fime of §3.6 Ms. This will be discussed
further

| On panel displayed in Figure B3 on page B2 response time entered is that of the
| aclualer with the largest average respanse ime gbserved on the BCU  Why
choose the maximum ralher than the average? The masimum was chosen on the
assumplion thal the performance evalualion of the /O subsystem should be cen-
lered around the worst case which can often be the busies! and most imporiant
device. The average could be used If accompamied by a response time skew
| value such as Maximum/Average Graph n Figure 36 on page B3 generaled by
| CP30 shows the relalienship belween maximum and average response time can
be used for this purpose In this case there is no great varialion belween the
maxirnum and average response lime for the BCUs except for BCUZ Therefore it
is appropriale lo use maximum response time as the service level abjective of
all BCUs except for BCU2 For BCU2, maximum response lime far exceeds
average response. then you prabably don’t wan!l 1o use thal as the service level
objective. We will show how this i1s changed in the projection phase

The BCUID is used to idenlify which BCUs have DASD sharing BCU2 was iden-
tified 1n both 8YSA and SYSE The dala for this BCU will have to be combined to
obtain the complete picture of the activity on BCUZ Figure 87 on page 84 shows
the /O distribution across BCUs BCU2 as indicated, has /O from both SYSA
and SYSE

17 The maximur response Lime 1S the actuator wiln 1he larges! average responae ime poserves an the BCU, The 170 rate to tha!
actuator should nave a non trivial VO rate of something grealer than !

i These tagls nelude SPAIP (ARIAS] CPIQEXTR, and the bridoe from MXG ARIAS 5 part of CPO0, CPGCEXTR and the MXG
bridge are avallable from Ine aulbors of this bullehn.
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Figure 87. BCU Graphic Summary

The number and type of acluators on each BCU are shown in Figure 88 This
enviranmenial information will be used 1o gunerate dala for megabyles. heat,
power. and floor space
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l

Figure 88 Actuator input

Finally the data from all the 8YSIDs can be combined into an enlerprise picture
of the DASD (Figure 8Y on page 85)
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Since the DASD projechion methed 18 based upon a fixed relationship between
maximum response Lime and 'O rate 1his higure also shows the difference
between the reported maximum response hime and the expected maximum
response tyne as oblained trom the curves The curves. such as Figure 59 on
page 56. can be logked upon as tunchiens relaling either /O rate to maximum
rasponse ime or the olher way around As indicaled «n the previous chapter,
the tabular or curve method ol projection will nol adjust the curves o aclual
data Figure 89 is essential lo deternune the dilference between the input data
and whal the model considers a reasonabie maximum. This assessment should
acl as a warning if the input dala indicales poor respense times. The projechion
process will enable the users o correg! lhis

Figure 88. shows thal BCUZ2 varies greally 'rom the acceplable maximum
response time. We can choost to look further into the DASD performance data
1o see iTthis 1s a problem  we can lock at response lime dala on the BCU level
as well as the aclualor leve! Response hme dala on the BCU level is shown in
Figure 84 an page B2 Simply lonking al response ime for a BCU will not help
you 1o decipher problem areas in your DASD subsystem A BCU with leng
response time and iow /O rale s usually nol a problem  To review the combi-
nalion of response time and 110 rale we can look at the YO intensity of a BCU
as depicled in Figure 80 on page 85 I/O inlensity 1s calculated by muliplying IO
rate with respoense time or the components of response time. Sorling the BCUs
by their respective /O mlensily gives you a good piclure o! the relative impor-
tance of each BCU 1o lhe DASD supsystem The channel load generated by each
BCU can be calculated by mulliplying the I/O rata and connect time of each BCLU.
By reviewing lhe data [t is shewn that BCUY and BCUS carry high channel loads
whereas BCU2 does not presenl ilself to have greal impact on the DASD sub-
system
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| Figure 90 BCU Response Time Components

Of course, in this relatively simple case all we need te do 15 to see that the
average response fime 1s only 17 § Ms for BCUZ2 1n Figure 84 on page 82 and
conclude thalt ECUZ is not a performance problem. However. we can look al this
lurther for illustration purposes by reviewing the actualor response ime compo-
nints of each 8CU. either caollectively or individually This actuator performance
fdala 15 shown in Figure Bi on page 83. In this exampie, we wil| look Turther inlo
BCUZ by reviewing s actualor data. It is shown that the the high response time
is mamly from one acluator GLEOO4. This 15 shown in Figure 81 on page 87.
Again, we will look at the /O intensily as shown in Figure 92 on page 87 This
picture again shows the volume GLB004 does nol do much /O, and therefore /O
tunmng for this volume is probably nol necessary However, if this example turns
oul lo be fruly a performance problem, we can do some tuning by concenirating
ot fhns volume after we have gone through steps 10 review DASD date on a BCU
levei as well as actuator level.

\We can go through the same steps shown 1o determine the channel load prob-
lems on BCU1T and BCU3. A performance toal like RMF Monitor lil may be used
to determine 1f thig i1s caused by mulliple applications An example of this (s
shown in Figure 22 on page 23 The data can either be spill onto muliiple
volumes on less busy contrallers to solve channel load problem. or performance
can be improved by replacing some DASD configuration with improved tech-
nology, such as 3890 and 3390s
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The summary of SYSB inpul & shown n Fijure 97 on page B8
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Procewser |apud SEHIN Imege Sgucifiutln Ponel. ACSIM
CECID: S5YS&3 YsiD: S5YSH

Entar '5' ip Sel field for sach furction to be processed ond prema snter.
Eetar or review system d9iz on this panef,

4-—— inpu! Dota-Fumction Selection —-——4
Sal Rata Typa Deto Exista
« CPU Regyired b
o« Warkioed (Opticnmal Y
s Stlorege Bptienal Y
v DASD Qptional Y
e e e o ~——
SCP: WYS/XA
CPU Modal: 30R0-200
B-Yolug: 1180
CPU Text : Producl]on Syetem

Kumber of CPg Oelinw: 2
CPs Shared [Y/N}: N

Averoge CPU Busy: B1.0 I
Soturetion Deslgn Foinl: 70.G 1
Peok:Average Rello: 1.03
Hisloricol Plnk:Avlrugl Ralio: V.42 latent Demand: 15.8 1
Total DASD léD: 3.6
RIGC: A3

Paging Rate: 4

frpul odded ar Updated.
PE- 1=Halp J=End 4=Comment G=Select Al| 1D=Fravious SYSID 11=Hax{ 5Y51{
\ 12=Cercel

L= -
Frgure 93 SYS8 SYSID Summary

Processor Projection

Once the basis of our capacily plan. the current sfale s estaklished, projection
can hegin Projection requires a minimum of a specification of grawth over some
period Fiqure 94 on page 8Y indicates that for the sample here. we shall use a
horizon of 3 years - 3 manth periods and 12 periods.

Growth can be specified in 2 number of ways Here we shall use growth by CPU
and growth hy users. Figure 95 on page 80 shows three scenarios for growth by
CPU lor the T30 Development workload. The initial problem had a specified
agrowth of 10%. As usual, one should bound this 10% value in some way. "0%"
s nol an absolute number but one reflecting the business planners estimate.
Economic opportunities or problems could mean a more pessimistic or optimistic
growth. With this in mind the 10% . and the other specifications were placed in
scenaric 2 with a fower estimate In scenario 1 and a higher estimale in scenario

A
[h]

Growih by users. in Figure 96 on page 90 is used for the CICS Production work-
load The problem sfated that more users would be added every 6§ months, the
users would be gelting mere saphisticated. and their productivily is Increasing.
Lel's transiale that.

Given the number of users. transaclion rate. and current CPU load for this work-
load each user can be assigned a CPU load increasing the number of users
simply translates into increased CPU

Productivity means that the number of fransactions per user will increase, That
also translates into CPU
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Sophistication means more CPU time for each transaclion As the user learns
the application. the compiexity of transactions Incraases The cos! of each trans.
"\ action goes up In Figure 96 this is represented as a Complexity Factor (CF) or
multipligr on the CPU per transaclion

CF=1.05 (a2 5% increase in CPU cost per period] 1s shown as an example
Figure 97 cn page 91 shows the eflect of changes n users and transaction rate
per user

Procwsser Frejection EM”EEEIE Spacilticelion Penel: AFENT
10 AL

Enter or review Sjorling Dole, Peried, ond Numbst of Periodn.

Enter or review CEC daln,

Entar 'S' §n Sel field tor sock CEC Lo bu processed and prens Enter.

Use PFS {[A!i Workloodz) to cdd, chonge, ond move worklocds, aond enter Crowth,

Entwrprine Noma : Bolanced Systamy Somple

Workloed Projaction Paromalere:

Starting Dute: 0B/8Y Peeied (monthe): 3 K. ol Parisds: 12
index, SCP/ Indar ar Yolid SCPu/ Valid
S0l CECHD Supervisor CPU Woee! Inger Supervimerx index [PV Wodsie
5YSA HVS/XA 4301-24 1 LPAR 1 §pE1-720
5Ysd BVS/XA 3090-70¢C H vnéza 7 8021-820
3 WYS/E5A J §021-380
4 WYS/XA 4 §021-500 |
5 WyS/sP 5 §121-4810
I B ¥SE 1 §121-4410
' ] Yu/HPD 7 5071-340 ,
8 Vi/SP 4 §021-330
I b VS § 9121-320 .
10 §121-25
| 17 9121-210 [
17 8121-19D |

[ PF: 1=Ha|lp 2=Scve I=End 4=CGropkicy Seh /! Work|oedw OmSplect Al| 7=Bockeard |
B=forward G=Top/Boifom 19=Eroee Frojwction 1Z«Cancal

e —— o -
Figure 84 Inital Processor Configuration
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[_ Pracwnspr Frojection CPLU Crowsd - CPU Utilizutlen Fonel: AFEROC
SICI0: SYSA SYSID: SYSa
' Werklged:; [SD Develspment |

Enfwr or ruview Growih icla.

Slarl Dotp IH T‘ GI{!I
Lang!lh of Periaé [
Numbe: of Ftrli.l l?
Besr CPL Node - 4181-24
Spae SCP: MYS/XA
Besw CPUL: 31.5 1

Sranlh Szatgrios Cromih? ia Annuc| Cempound Growth.
3

1 i
Periads CSrawihi CPUE  Crawlhi LPUS  Growlhi CPUX
09/91 8. 00 33.15 16.00 32.30 12.00 32,44
\lfll g.0R2 32,18 1900 33.oa 12.00 53,38
DJ!B! B 3.4 10.00 33 &8 12 00 34 34
Da/61 g.00 34 .06 10.00 34 B9 17.00 35.32
U’fﬂz B oC 3472 10.0C 35.53 12.00 JB. 34
12/%2 g.00 35.40 1400 8. 38 12.00 37.38
03/53 £00 36.00 16.00 37.28 12.00 3B.46
06/43 k.00 1876 10.00 3B 12,00 39.5¢
De/Ed b.on 37,50 19,60 33.08 12.00 40.70
12/0 B.o0 38,23 "¢.00 &0 02 12.00 41 .87
[ BYALS § ¢p 3897 '¢.00 40 99 12 00 41,07
Db/ .00 Ir.13 1g.a0 471.98 12.00 44 .3

Pic )mHelp Jafropbies J=frd Z=lse Porladic Growlh G=Cnter CPUR P=Beckwerd
BeTorwgrd Q=Top/Follom 10=Prapzogsls Crowih 'I=Cenge!

|
|
|

Fugure 95 Growlb Gy CPL

Procansar Prejucliaon Use: Crowlh Paral: AFGROU !
CECID, 3738 SYSID: SYSH
No:k.3ed [ICS Preduct =

Enter or reyisw User Srowih dsio.

Starl Dofe (WEFTY). D6/9) Scemzrin 1
Lengih of Parjod (Manlhs). 3

Number o Parieds: [Z

Soaw Dotz
¢ Umara: yac CPUfUltr . CPU Model: 30§0-200D
Tran Role ' iran/Uwer A0
CAU Uiy 50 2
#oof Trar/ Comolenily CPU/ Uf Annunl 170
Puriod Urera Uear Fectar Uwer util CCR X fote
66 /11 120 e y.23 b 372.7 12 305
11791 o . Seo 1.0& £ 58.1 22 3zp
03/92 10D .o }.83 4 51 17 338 :
06/92 LoD Lag “. 03 £ B1. D 22 353
gu/92 1on 'op 1,04 ] Bl 12 370
12/47 108 fgn .48 P B3 12 388
03/9) 150 .1og .05 7 0 4 12 408
08 /31 10D 100 L. 05 7 .7 22 42%
tofos 100 100 .05 L e 22 450
12/93 100 Lo 1.05 .| a.n 12 475

BF: lwHulp Z=Crephdice 3I=Erd TeBockvard HeForuard R=Top/Rettanm
IC=Presious Scararic Ji=hkas! Szaczrig )2=fancel
L |

Figure 96, Growll by Users - Qefaolt

80 Baiancey Sysiems August, 1992




Processor Prefeclion User Cremlh Ponwl: ATGROV
CECID: SY5A SYsip: SYSsB
Worhlged: £ICS Producticn

Entur ot reviaw Ueer Crowih dule,
Start Deiwm SIH{TY Oif!'l Scamgrin 1

Leaglh of Pariod {Mentha):
| Numbar of Periede: I?

Base Dato
$ Usery: 100 CPU/Uner: .5 CPU Modal: 3090-200
Traw Reln: 10 TrenfUser: D
ceu Uili:  S50.2
1 ol Tran/ Cemplutity CPU/ CPU/  Ammugl  L/0
Perled Ussrs  User fector  Ussr WLII'Y CGR 3 Raie
0e/9 10D .1oe 1.03 H] 51.7 ¥ 05
12/%1 10D .lop 1.03 ] 35.3 27 120
03/92 11D .lop 1.0% ] £3.8 78 170
06/92 110 100 1,05 .8 87 27 k11
09/92 120 10 1.08 d B4, 6 152 LA
12/92 120 00 1.05 ol 48 5 12 3l
a3/e3 130 110 1.0% B 101.0 87 504
06/93 13D 1o 1.05 . 1061 22 B3
i £a/93 140 120 1. 08 ] 1308 132 754
12/93 140 L1206 1.05 1.0 1174 212 T84
PF: 1whe|p Z=Crophics 3=End JwBockwerd Beforwerd U=lop/Balloem
T0wProvieus Scenaric 11=Hext Scenuric 12«Cancel

L B

Figure 97 Growth by Users Specified

Figurc 98 on page 32 summarizes the growth tor all 1he werkloads Batch
Development has a consian! annual growin of 15 20 and 25 perceni for the
three scenarios and the growth af Batch Produchion (s the same as Batch Devel-
opment The CICS produclion 5 not shown since 1his 15 a compiek specificalion
by user and transachan

Wilth the growth specified our lirst icok info the future isn Figure 9% on

pange 92 SYSA utihzation heqins near the saturatien deswgn pomnt of 70% (SOP}
Il we take the SDP serausly the 4381 should be upgraded in 9/91 according 1o
scenario 1 Depending upon the size of the upgrade. we may have to upgrade
again later in the planning pericd

The 4381-24 has a power number |M Value) of 381 for MVS/XA Through somo
Herahion, a §121-210 whose M value 15 491 will replace Ihe 4381 1n 9/2% Tne
8121-260 whose M value s 690 will be nstalled 1m 12/92 The saw foorh curve far
this propasal s shown in Figure 100 on page 92

Remember that this 1s only one scenano and the proposal has ta be bounded
with allernalives Evaen lor the same hardware upgrades. the upgrade dates may
move in gnd oul with changes in the business chimale That's whal the different
scenanos are aboul
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Procesyer Prejecliaon Wark|ond Summer Panml: ATWKL

CECID: Al SYSI0. Al

Move or delafe werklocds b;utﬁlﬂqiﬂ1 CICID{SYSIG; use PF4 Lo Ade Workloods.

Eatar connteel Y Anpgul C

Crowth' diractly oo thin posal,

To neler olkar worklogd growih Lyper., solwc! Uhe workloeds ond praws Ealar

Work|oed Frojection Forometers:

Sterting Dale: 08/ Pariod (manths): 3 Wo. of Parlods: 12
1 Annual
Se! CECID 5YS13 Warkiogt N Unnd 1/a CPU Crowth
Duscriptian T 7 1
* SYSA SYSA T50 Davulapmunt 118 47 B 1C 12
+ SYSA SYSA Batch Davelapmanl 141 55 15 20 25
« SYSH SYSE CICS Producticn 592 190 » . 4
» SYSH SYSA Beteh Praduction 344 103 8 10 12
Totgls 1147 495

PF: YwHelp J=End 4=pd¢ Worklooe $=Selec! All 7=Bockwerd B=Ferweid S=Top/daltom

V2=Concal

Figure 98 ‘Workiead Summary

Procensar Prejuciion Eyltln Imgge Specilicalion Fanml: AFSIM
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18z S¥54 STYSID: 5YSA
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Sterd
Mode! M-Yalue Period Display

CPU Number 1: 43B1-24 hEA) 96/11
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CPY Number 3: §1Z21-250 690 12/42

SCP: WYS/XA
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CPy SHARED (Y ui: H Velid
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ce/s! BB.5 52.3 §8.5 8 6D1:-620
ae/9! 70 .4 70 ¢ T1.5 B #0I1-58D
12/ 72.4 73.% &7 0 #07:-520
01/8:2 74 4 16.1 78.0 1| 9021-50D
oE/82 76.5 790 .5 2 §071-340
ga/el 8.7 8.5 85.1 13 §021-331D
PF: laHe'p Zelraphics Jufnd 4=lfommeat S=Ail Worklpads é=Storage Analguis

TeBachverd BeForwgré §=Tog/Botiem t0=Pravrieas SYS(0 11=Ngrt

YSID Vé=Canmncet

Figure 99 SYSA
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Crephice Craphice Dinglay Panal: CPROCRAPHICS_

” SYSID CPU UTILIZATON (SYSA) ~ SCENARIO 2 ;
|
|

' 100

: |
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qp—-—l—u—a—o—n—n—o—o——-——-——v—l
f = ‘-‘_’_’,_,_——'"/F. —e— SDF
- '_’_’.___,_,-—-'—""_"_HA —— B121-260
=
E 40 —— Bri1-210
. “ s 43E1-74
I
20
g i T T =T A T i T | f 1
06/t 13481 18/82 12/02 od/u) 12/93 LEFE T
|7 Perlnd
(aéliiz
MRAFSI W02 Bolanced Syntems Samplu _

PE: YeHelp 2=Cracie ADMCDF 3=End S=Diwpiqy & Owmcribw BE=fuslomize
10=Provious Creph 11=Nexl Crpph 12=Concpl

Figure 100 SYSA FProjection

August, 1803

The starage projechion begins i Figure 101 on page 94 wilh a reminder that the
amoun! of paging 15 too great Belare slorage projecticn. we will have to improve
storage 1o drop paging below 87

Using the algorithm of the previous chapler {sec scclion " 8lorage on page 61)
paging can be reduced to 5% of lhe DASD 1O 1otal with a minimum upgrade of
19 Mb (See Figure 102 on page 94) To salisly the algonthm 15 Mb is enough
even though one cannol order only 19 Mb Tne 18 Mbh can be either Central
storage or Expanded Storage The theory does nol distinguish.

Atter the storage has been adjusied to reduce paging Figure 103 on page 95
indicales that the values of slorage used software level. and power used will not
calibrate, This means tha! for this amount of slorage, the calibration point on
Figure 67 on page 62 falls autside of the shared area Figure 104 on page 95
indicates that the curren! sterage line (64 Mb | should be belween the mimmum
and maximuay line to fil the theary This does nol mdicale any error but that this
applicalion combination reauires more slorage than the samples used in the
theory (Remember also thal this 15 a constructed set of dala ta show these
things.) Ahead we shall see hal SYSE calibrates
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Pracessee Projesiion Storegu Anmlpr’e Pgnel: AFSTO
CECID: SYSH SYS.D: S5¥YSa

Enter or review sboregr delc v thip peanel,

Use FFB (Sed S5SE) to sejusl SEP fwed’, {1 nocenve‘y.

Po nel yre (kip pans! {éltrugr Anctypais) §! peu beve moved workieode te or
feam thin 5'515.

SCP. WNS/TA
£20 Woaw! . 1J87T-24
C2J Taat: DJeve ggranl System

Sysiam Saflware fovirgament: SF2 2 0

CS Cnline 3z uk

ES Caline o0 WE

| CS Avgilpd 1 ug
£S Avglled b NE

Storege prejecticn colibrelion Tecler

Pagu/Swas 1/0 rein- 14 Pogge |/0 rale Iy wecuapive. i
DASE /0 Rete: 10D yncule be < BI ! DASD 1/C
Poging Fercanl of DASD 100 14 & rale, Sterage munl be adjustnd

belo'w slarege plﬂ}l:iiﬂﬂ
calibention. Use PRimy.

PF: 1=Help 2=Craphice 3=Lad B=%et SBE 10=Adjast Sloroge '2=Concal

Eorare 107 BUYSA Sa’lzl-"..lu‘r

[ - - _
I Procesnor Prejectip: S1nr|l| Adjuptmenl Psns AFSTOC
CECi0. 5YS 5YS:D: SYSM

Latar Yhr aweznt of Camirrl wnd Lnpended Sterage 1o pravige 2t lwawl Lhe
indicatad incramant of Processer Sioroge.
The indicated omosat shoaid reduce the Poge/Swep (/0 Lo The new fargel.

SCP- MVYS/XA
CPU Model: 41B7-24
CPU Text: Deveippmynl Syriam

| Inpat  Inerement  Tolal \
Central Sturage: 32 Mb 26 Wb |
| Exponded Steroge: 0 Wb 0 Wb 0 &
Procesvor Sfoeroge: 37 Wb 78 Ub ap N

iniwym PS lncrement reguired 26 Wb

L

Pegr/Seap 1/0 Rale: A
et lﬁo Rale: 100 ]

1 Pagu/Swoy 1/0: 1y

PF:- 1=Fuip 3=ind 17=Cance!

Fiugiee 1 SY5A Storage Acivsiment
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Procesner Prajeclion Sterage Anmlypnis Fenu!: AFSTO
CECID: ST5A SYSID- 5YSA

Ertur or review wiorege dotae ga Lhig panei.

Use PFO (Sel SSE) to odjust SCP lweal. |1 mecwsmery

Do noi oee Lhin penel {éhfuil Anglyaie) [f you Rove maved wrrelsods Lo ar
Teom {hin SYSIE.

SCP: MYS/IA
CPU Wovel: #38%-74
CPU Tenl: Developmant Syslum

System Saftwara Eevirsomesl  SP7.7.0

CS Oalise 58 uE
ES Onlime- 0 MB
CS Jveilgble: i

ES Awelligble:

Storsge projeciion calfibretion facter: 1.5
Pege/Swzp |/ rute:

DASD 170 Hote: §

|

n

1

5 Sreragn crullr:nar tactor doun
] 2 Teln.
Paging Percanl of DASD 1/0- 5%

kel coli Aeceplable
renge Iw {'-.1!.1.425

. Compulad
voluy sop 151,

PF: laHulp Z=Grapkics 3=End =52t SSE 10=Adjunt Steorogn |2~Lnncel

Figure 103 SYSA Starage Caltbration

Craphicy Grepnice Dinplaoy Fanw|. CPEOCRAZHICS
PROJECTED STORAGE (SYSA) - SCEWARID 2
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n .
0= f | l 1 ] L 1§ i
PO/l oR/EY 12/ EMJET OOG/ED 09fR3 1201 DI/EY DR/43
Furlet
"5 1991
; AFstoel? Salgnced Spatems Sempla _ i
PF: YuHelp Z=Cracie ADMGDF 3=Epd F=Cualemize 10=Praviows Craph 1)=Nexi Crzph |
12=Concel |

Figure 104 SYSA Slorage Projeclion

Augus!, 1802

The tnitial look at SYSB in Figure 105 on papge 96 showe a ralher busy siuation
for the future. dus! lcoking al the upgrade opluoan affer seme allerralives were
looked al. we see a 9021-500 upgrode 1n 9/491 and anather upgrade in 992 1o a
8021-620. Figure 106 an page 97 shows @ grapiur summanzing all the scenarios,
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The 70% saturalion line ts clearly overrun for the current 3082-200. The 9021-500
in 9/92 and the 8021-620 in the 9/93 to 6/94 time frame

Notice thal the instailation time for the 620 is a funchion of the scenario. if the & {
aggressive growth scenario 3 is to be followed. the 620 1s required in 8/93. If

business growth slows as rellected in scenario 1. the 500 (s fine for all pericds

projected With this graphtc. the business can make decisions on capital plan

and business plan side by side

Here is a time when one censiders the flexibility of an architeclure or processor
which enables easy upgrade paths Cne could opt {or the more conservative
scenario 1 or 2 and still be able to upgrade guickly If the business chimate
IMproves.

Figure 107 on page 87 shows the siorage picture for 3YSB. Unlike SYSA, the

paging /O percentage 15 below 8% and the calibration factor is within range.

The graphic showing the projecied storage required is in Figure 108 on page 98,

The graphic shows the projection for only 2 years. The theory would say thal 1¢o

much changes. for example worklead change or movemeni, 10 project beyond & ‘
that horizon.

Processor Frojeclion Sysiam Imcge Speciflicaiiap Fenal: AFSIH
CECID: 5vs2 SYSID: SYSB |
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Stor
Hodel B-Yalue Frriod Display
£PU Number 1: 3080-200 1180 06/%1
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|

Frgure 105. 5YSB
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Figure 107. SYSB Storage
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Figure 108B. SYSB Storage

As an alternalive proposal, let's consider combining the 2 CECs onto cne CEC
using LPAR on a 8021-580 The steps begin in Figure 109 on page 899 with 1ha
delinition of 2 new CEC. At 1his paint the CEC s emply No worklocads are
defined or partitions made available. Figure 110 on page 39 illustraies the pro-
posed partition structure The 9021-580 has 3 CPs. Both partiions will be shared
with the number of CPs indicated There are 2 M-values for each parlifion. The
Maximurn is the polential power deliverable if the partition got all il wanted, The
Weight value reflects whal happens at 100% CEC utihzation under the weight
distribution mechanisn.

The workloads will be moved o the new syslem by systoem image. Tho now
SYSAX will receive SYSA and SYSBX will get SYSE. This moverment s accom-
plished by setting the new larget CECID (NEWSYS) and 5YSID (8YSAX or
SYSBX}. For LPAR. there are distinguishing idenlifiers for the CEC znd System
images running in LPAR. (See Figure 30 on page 31.) Figure 112 on page 100
and Figure 113 on page 101 show the appropriate syslem image summaries for
each partition. The graphic is Figure 114 on page 101 shows the partilien
summary from the partition point of view. The graphic appears as a non LPAR
dispiay for the most part 100% is the potential maximum value. The saluration
point of 70% is also shown The only difference is the presence ol a Weight hine
to indicate the impact of reaching 100%

Keep in mind that the view from SYSAX s the view thal it IS runming on a single
CP configuration. Il is a piciure relative to the LPAR confiquralion. A change ol
CPs to Share or Dedicated will affec! the power delivered and the utilization
levels jllustrated. To view the CEC utihzation with the absalute §¥YSIiD contrib-
ution, look at Figure 116 on page 102
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DASD Projection

The input BCU data combinad from all the SYSIDs 1s shown in Flgure 117 on
page 104 The Service Levels are from the imput data illustrated earlier The
service level for BCUZ has been changed trom BI Ms [maximum response time
on input) to a8 more reasonable <0 Ms Those BCUs tha! were shared. are con-
solidated Lel's assume tha! we need impro ement in the /O subsysteniin
respense ume while planming for future VO requiremenis. Currently, the performs-
ance curves Indicate that a maximum response lime of 24 Ms [or 2 3880EC BCU
can be attained when the /O rate 15 166 gor less

Remember that the projechion of 168 comes from all the assumptions mentioned
earlier in the concepts chapler To examine the capacity of the existing config-
uration at an improved SLO, Figure 118 on page 104 shows 1he /O rate
expecied al the improved SLO Expecling fasler from the same equipment means
expecling less. Belore the expecled \olal was K95 Alter improving the SLOs, the
expected tolal s 583

If you compare the maximum /O Rate at the service level in Figure 118 with the
Projeclec I/O rate you will see [hal there 1sn't toe much roem for growth any
where and especially for BCUR and BCUZ ** This s illustrated in Figure 119 on
page 105 The ofierent levels in the bar charts indicale the increasing 1/O rate
generaled by processcr growlh As the CPU requirement increases, the 10
requirement increases in 1he RIOC ravio

To salisfy the 11O rate requiremern| and respanse ime SLOs the following
changes were made BCUY was changet 1o ¢ 38902C {3930-3 with 3380 mode 2).
al performance level 2 and ar aggressive SLO of 15 Ms maximum Figure 121
on page 106 shows the resull ol the changeg The new BCUT has a maximum rate
of 430, well above the immediate reguirement ol 149 Remember. the number 430
does nol mean that 430 is the maximum capacily of that 8CL but {he expecied
capacily with the performanre curve assumphions al that SLC

Figure 121 on page 106 shows a dramalic change in scale  In fact. all the BCU
bars are below the maximum rate (lhe (ne)

Figure 122 on page 106 shows Ihe resulling environmental changes resulting
from replacing a 38B0A BCU {38803 12 % DIB0A}Y with a 39902C BCU wilth 24
acluators. a nel increase of 12 actuators  The qugablyes increassd by about
40%, power up a couple parcent ana floor space decline a coupie percent

W Tne projectad VO rate 1s oplaimed by taking the currant tofal 110 raie o 405 ang dispersing 1 Dy means of tne 1O dhstnibution
showen. Remomoer (hal the distribution 1s an algeoraical y calculatand one which s funchon ol the number of BC.s
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Appendix A. RIOC Conversation

Joe Major who has been working with RIOC values lor years, gave me his
impression of RIOC values

During the last two years the following pattern seems to have emerged.

The greater the capacily of a processar. the lower 1s the RIOC of ts work-
Toad mux The 3090 line shaows 0 35 in the 200E to 400F range. 6.30 above
thal and 0.40 for the 180's. Below that it Is 0.45 fo 0.50. Low RIOC compo-
nents are the 4th generalion language toads (0.1 to 0.2), CICS/HDMS loads
and workleads that capitalize on dala in memory capabilities. TSO is 0.25
to 0.30 when there is no pagelswap o AUX storage. IMS full function is 0.30
{0 0.40 The smaller systems that | see lend (o have small memories and & -
10% of thewr 110’5 are pagelswap 1/0's. These systems have nol as yet dis-
covered the advaniages of DIM. RIOC reduces when CICS/MRQO is imple-
mented. Il reduces as well when RACF or sinnfar products are unplemented
and used at low level of access conlrol The annual reduction 1s 10 - 18%
MVSIESA Data tn Memory may accelerate that rate of reduction. IMS Fast
Path n banking stiows 0.55

ﬁai isqliel_ative 1/0 Content?

Relative I/O Content 15 the ralio of the iotal nhumber of I/Os to the total power
consumed 1or the same period of ume |15 a way of descnbing a8 workioad n
terms of YO conlent. where a higher number (indicales a worklead of higher 11O
conlenl  This is shown by turning the ('O-CPU eguation around fe calculate 1he
RIOC

Selatve 10 Conmtent vanes py software so typical measured systems show dif-
ferent values for RIDC Trus TEC will be difterent from CICS, CICS/VSAM from
CICS DL ele

Some observalions concarning RICCH are
= Wihe workicad is always unchanged then the RIOC will remain constant
= If the workioad :s ¢changed then the RIOC will change

* Since 1380 RIGC has been obsarved 1o be sleadily decreasing year afler
year (al a rate of *0 - *5%:) as soflware and apphications have exploiled
larger cenlral and expanded storage

The assumplien 1s made thal the RIOC of any qiven werkload will remain con-
stant over ime  As ihe workload grows in the fulure, the protessing power
required 15 projecied based on the I/Q-CPU equantion. Since the RIOC 1s con-
slant. the power required (M) will be determined by the increase in the
processor pusy percenlage (B) and the 110 rate (S8) However, the RIOC remains

20 For lurtbee miscussion of RICE, you shauld refer to the (B Systems Journal, Vel 20, No. 1, “Processor, HC Patn and DASD

Canfiguration Canacity.”

@ Capyrphl IBM Corp 1989 *60° 1853 167



conslant only if the soflware and application design are unchanged Some
faclors which may change. and therefore aflect RiOC values. are the system
control program. microcede and application characlenistics For example. when
a workicad 1s transferred from one processor to anolher, the relalive power of
the processors must be taken Into consideralion This means that as the relative
processor power (M) increases, the ullhzation (B} will decrease.

It is important to review the RIOC of both the curren! and fulure workloads
because the DASD I/O conten! of the fulure workload is a key faclor in deciding

both processor and DASD requirements

If the workload you are studying is one

with which you are not familiar, you may nol be able to assess the validily of the

RICC In this case. you should accept the system RIOC

Table 9 which Is shown below. shows some typical RIOCs based on impressions
of experlenced capacily planners in 1990, Tabie 10 shows a reduction factor for
every year after 1390 These reduction faciors can be applied 1o the workload
RIOC for 1990 lo calculate the RIOC for any year up to the year 2000 For
example, you can calculate the RIOC for TSO in 1985 by multiplying 3 by .50

Tabie 9. Some RIOCs. Vinlsge 1990

Likely
RIOC or
Workload Type Range
Commercial Baich 03-08
Commercial MVS Baich 029
Commercial O5/VS1 Balch 043
: Commercial DOSAVSE Batch 075
|_Eng|neermg Barch 012
| TSO 02-04
Frime Shift. Applicaton Development | 020
OH-shift, Systeams Programming | 0.28
IMS CICS | 02-045
wilh DL 0,30
Fast Path/High Performance 0.46
IDMS 0.17
VM 03-086
General Workload Mix 0.35
CMS Time Sharing 0.58
CMS, Minidisk cache 025
VM Guest Cperating Sysiem 01-04
MVS Production Workload 013
MVS. Preferred 0.30
DOS/VSE Produclion Werkload 0.35
Fourth Generation Language 015-25
PROFS D8
| DISSOS R

Table 10 RIOC Reduction Faclors
| Year Reduction Factor
v 1890 1.0
1991 0.87
1982 | 078
1903 ‘ 0 66
1944 Q57 1
1955 050
| 1996 0 43
1947 0 ZE
1968 033
1998 029
2000 025

Please keep in mind when using these tables {hal the RIOCs were nol based on

a systemalic analysis of data. Ralher, they were einher

* based on impressions of typical systems in 1989 and 1980. or
» derved from RICC measurements taken in 1980 and 1985 {(with reduction
laclors applied).
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When preparing an accurate capacity plan. you must adjus! the Relative I/O

Content to ensure that fhe variance between the warkload total and the SYSID

total is as small as possible.

Appendix &, RIOC Conversation
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Appendix B. A Word on Distributions
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Figure 123 shows 8 vanely of distributions of events. If the inlerval was the
same for all the average me belween events would be the same even though
they arrive in different gaterns The eflect of the pattern ol arrival is significant
in that cur analysis 1s imeresled in service ime, queueing lime, and server ulili-
ration

The top distribulion 18 the most well behaved  The lime beiween events is con-
stant. Il 1n this well behaved situation, the service of the events was jusl less
than the ime betweer arrivals Lthe server would be nearly 100% utihzed, AND
no one wouid wail' If the formula in Figure 7 on page 9 was used to eslimate
queueing time. the formula would greally exaggerate waiting. But for this distrib-
ution service hime 15 fugh server utihizatian 15 100%:. and there’s no gueueing

The next distribution | call the "Cafeteria” disiribution 11 represents the observed
behawior of people getting nd of their trays (service timej. People eat in groups
and leave in groups Thesr arrival for service |s cluslered How aboul queueing
time? The first in the group doesn’t wail, while the rest wait for the one server to
finish with the person in froni. Here service lime 15 short. queueing is propor-
tionately high, and server ulilization 15 low.

The nexl distribution {third from the lop) is wha! | call the “London Bus” distrib-
utton, If you have besn in London you know 1t’s true  There, buses arrive in an
exireme form of the cafeteria distribution.

The last distribution is one similar 1o the assumed distribution in mos! queueing
theory formula  Although the average is the same as the distributions above. the
distance between events cannol be predicted very well. This might be an illus-
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tration of the Poisson arrival ar exponential disinbution Knowing what jusl

happen does help with the next even!. The effecle of this distribution can be

predicted knowing the average service time and arrival rate as seen earlier in ~
the bady of this publication

You can begin to see thal analylic assumplions say something about the un-
verse of discussion. Fortunately for us. a lot of the compuler system bahavior s
Poissan. Are there exceplions? Yes You are ediling a datase! using ISPF. The
entire dalase! is read, you spend time ediling. and then you wrile it back oul.
The I/C requests in this instance are similar lo the London Bus distribution
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d i . Appendix C. SCP Migration with ITRRs in CPS0

| Measurements for ITRs (Internal Throughput Rates are the number of lrans-
actions per CPU second) are made with the same SCP and various CPU Models
and workloads With the change of SCPs the workloads can change aiso This 15
evident with a change from VM/XA 1o MVS/XA However. this is also Irue for a
less radical change such as MVE/XA 1o MVS/ESA

This means tha! if one looked at the ITR dala for a 3080-300J running MVS/XA

angd compared it to a 3080-300J running MVES/ESA, the ITRS would nol be compa-
I rable since the warkloads were changed significantly for MVS/ESA The MVS/XA
TR is 49.07 whereas the MVS/ESA Is 54 36 This difference i1s nof due to the dif-
ference in SCP but largely due 1o the difference In workload.

For each SCP. the ITRRs are differant. In other words. each SCP power range
has a different scale Nol only will the power values be different between 3CPs
’ ' ‘ for the same model bul the ralio of models lor the same SCP wili be different
' For example, the ITRR for a 3090-180J to 3090-600J) comparison for MVSIHKA
running TSO 15 453 whereas the same comparison for VW/XA is 5.88. The diller-
ence 15 not only a comparison of SCPs and workloads bul a relalionship
pbetweaen SCF and CPU model

Power values M values. are developed from ITRRs by multiplying the ITRRs by a
factor Let's look at three migralian cases

instance the CPU model does nol change only the SCP The base migration
assumption is that the Utihzation does nol zhange when the migration l1akes
place This is accomphished by adjusting the M used in such a manner to have to
CPU utilization unchangecd This effectively changes scales from the old SCP
scale 1o the new.

' . The simplest SCP migration is shown in Figure 124 on page 114 In this

Afier Inat, an optional adjusiment could be made where it 15 known that, for
example. MVS/ESA reduces CPU utiliration by 8% on the specitic mode! when
migrating from MVS/XA

’ ' The second case 15 a lwe step The migration is 1o a new BCP and CPU model
but the old CPU model runs both new and old SCP. This 15 shown in Figure 125
on page 113 The migralion process would entail a lirst step of changing the
SCP on the existing medel, a power scale change followed by a power change
to the new CPU model within the new power scale

The third case (Figure 126 on page 115) 1s a bil more comgplicated. The new
SCP does nol run on the old CPU mode! For example. one may be running
MVS/XA on a 3090-200 and wish ta run MVS/ESA This SCP migration will
assume a CPU model change loo since MVS/ESA does nol run on a 30390-200 In
order 1o minimize the impact ol scale change he process altempt o find 2 ref-
erence CPU which does run both SCPs This reference CPU is searched for as
close as possibie to the old CPU After 1hal reference model is located the
process 1s similar 10 the wo slep above

) . In the migralion between SCPs. the model takes care of scale changes 3s oul-
lined. The user must supply an oplional changes in utlization expecied from 1he
SCP migration Input into the model s shown in Figure 127 on page 115

& Copyrignt |BM Corp 1089, 1881, 1833 113



SCPo -> SCPn Migratiaon
* S5ame CPU

1. Adjust M used to new
tast pm scale, same utllzation.
2. Optlonsl ad)ustment

for SCPo->SCPn.

CPU

model o )L

SCPn

tlow b=

SCPo

Figure 124. Case |

SCPo =-> SCPn Migratiaon
* New CPU, SCPn runs on old CPU

1. Adjust M used to new

tast (= scale, same utilzation,
en old CPU model.

2, Optional adjustment

for SCPo->8CPn.

Adjust utillzatlon

for neaw CPU Model .

CPU
model

Figure 125 Case 2

114  Batanced Systems

AugLst 12989



SCPo -> SCPn Migratiaon
* New CPU. SCPn DOES NOT run on old CPU

1. Find "reference” CPU

tatt = close old CPU which
runs both SCPs.

2. Adjust M used to new
scale, same uvtilzation.

CPU on relerance CPU.

mods | Optional adjusiment
for SCPo->SCPp,
Adjust utidizatlon
for new CPU Modsel.

gl aw fos
SCPo
Figure 126 Case 3 B
Processor Prejecifan Workleod Migrelien Penal: AFRIGRY

CECID: MNEWSYS YSI0. SYSAX
Worklaoed: TS0 Development

The worklecd hes bBrar moved i3 o SYSID with o diffureny SCP,
The M used may be odjunted for Lhis new SCP.
Enter or raviow migrelion fociorm.

The reforence mode! veed dor L2039 secting ix: 3D9D-1204

01d SCP: WVS/XA
New SCP: WYS/ESA

In meving to o new SCP, i{ will be cosumad fhet if the CPU Wodw) remainy the
sama, the CPUY and the 1/0 rzte will oo the some. Thls onvumpiion can be
adjuslud bulew,

Regronobla renges might be bulween 0.8 gnd 1.9,
Whan In doubl, lmeve tom defguall of 1.0,
Yaluew betwaen 0 cné Z will br cccapled.

Entar CPUT Migralien Focter: 1.00
1/0 Rute Wigrelien tocter: 1.0D

For Relearence Model

0id Naw
[ 28.7 8.7
1/0 Rete: i6.% 489

Uarninﬂ: Tha CPU model uwed for SCP miqraiien wcallng Fx 3090-1204
PF: 1-Help 3-End 12-Conce!

Figure 127. CPSD Migration Panel
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r -. Appendix D. Capture Ratios

This seclion describes the lechnigue to calculate capture ratics for business
unils. The objeclive 1s 1o describe the tolal system rescurce consumption in
terms of the resource censumplion of just the business units. If | have n business

units. BU,. ... .BU, and a lotal resource consumpliocn of T, a capture ratio for
each business unit would accomplish the following
T = BU,/CR, + BU,/CRs + ... + BU,/CR,

where 0 < CR, < =1 for each business unit CR adusts each business uni}
resource so thai the {olal approximales the system total as best as possible

This i= done with a recursive apphicalion of regression analysis. Although this
sounds complicated. «f need not be hard.

' . The Regresssion Techn}que

The first step is to collect a number of samples Each sample consisis of the
resource consumplion of the business units The business unils may be groups
of TSO users. batch lypes. IMS applicalions, etc. These may be dishinct perform-
ance groups in an nstallation with foresight o map performance groups to
departments or work types Figure 128 on page 119 shows a sample of dala
which we shall use to illustrate the technigque

The data used here 1s arbilrary Data used in capacily planning would represen!

' ‘ a leng term sample over large enough intervals. The data would represent the
resource usage for sfable compenenis Stabllity 1s defined as a workload having
a consistent CPU to VO rahg

Let’'s use the data in Figure 128 on page 119 to illusirate the lechnique. In
regression analysis ferms, the malrix ol samples will be the X matrix which has
three business units (columns) and 15 samples (rows). The totals will be the 15
by 1Y matrix. Regression analysis techmques will provide coeflicients b, such
that

' ‘ Y, = Sum from <j=1 to 3> of bX,

Note that this form of regression has no constant term b,. Many packages and
techniques can be used. These will be iliustrated in “lllustrations.” on page 120.
The problem is that the solutions may nol be suitable We require the values of
b, to be such that 1 < = b,. This has to be in order that 0 < CR, < = 1 since
CR. =1/b

What il b is not grealer than 17 The best selulion would be lo make b, =1, for
those cases where regression analysis says thal the solution is some value less
than 1 For ocur sample in Figure 128 on page 119. the first regression analysis
vielded the following solution B =2 441 2.588 0.805. The value for by 15 not
acceptable. We shall then sel b, 1 Once we have accounted for b, we will go
back and solve again for b, and b, However. since we already have by, we will
have 1o subtract thal resource from the tolal Figure 122 on page 119 shows thal
and Figure 130 on page 120 iliustraies the procedure.

I
. . Regression analysis again would yield B=1.780 2.579 for the remaining columns.
These values are acceplable, Since we now have all three, lhe inverse of each
vields the capture ratios, CR=0.562 0.388 1.0,
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in the absence of the above procedure \here are some guicker aliernatives

1. Simply distribute the CPU time for the service address spaces (Master, JES
VTAM. ..) and the uncapiured CPU time in proportion o the caplured CPU
time or the i/O rates of the business units

2 Before proceeding wilh the previous step. distribute the CPU time of the
service address spaces which use the service For example distribute
VTAM time to terminal users

All processes should be tested This is accomplished by dividing the samples in
Iwo parts Compute the CRs with one part and tes! them with the olher.

Auousl 1892
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Y X
4pe. B 51.5 BL.3  172.9
i3h. 2 3b, 2 57.4  115.2
316, 8 31. 3 52. 3 85.2
I0B. 4 48, 2 15.4 28313
385. b 58. 1 51,5 1b8.9
[l35¢4. 8 38. 8 zB. e 165.6l] Somple &
§BR, B 41.8 52,3 208.3
354, 4 £2.5 47.4 44,8
323. 8 41.8 54,8 6B, 4
118, @ 33.7 52.8 128, b
I53. b 44.3 45.b 128.8
338.8 3b.b §8.b  20B.7
333 b 15,8 57.8 183.B
198, b 48, 4 5b.8 218,56
i7e. @ 57.8 he. 8  124.7
Tatel Rescurce reported

Respurce

Figure &8 Sample data

by business uni

L

Subtrac!
Y X
4BR. A E1, 5 bi.8 172.8
I3h. 0 ib, 2 7.4 115, 2
31b. 8 37.3 5%7.3 B5, 2
Ipg. 4 48. 2 45, 4 203. 3
395. b 5B, 1 1.5 1L9. 1
354.8 38,8 2B, 4 485, b
ipp. @ 41.8 h2.3 2858, 3
354, 4 42.5 a7.1 144, 9
323.b 41, @ B4, R LB, 4
i3B. 2 33.7 2.3 128. B
I53. b 44 3 45 & 128.8
33B. 8 ib. b 58, b 2RBB. 7
I3,k 5,58 57.8 123.8@
3590. b 4D, 4 5b. B 215.58
378.8 E7.8 L. B 128, 7

Figure 128, Recursion step |
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Y X

228, 8 51.8 51.8
270. 8 3h. 2 57. 4
231. 6 1,3 §2.3
185. 1 48.2 45. 4
225, & 58,1 §1.5
[]1e8.2 38. 8 28. 4 | Sample 6
198. 7 41.3 52, 3
289. 5 42.5 47,1
254. 2 4.8 b4. 8
288, 4 33.7 52.8
223.8 44.3 45. b
198, 1 3b. b 58. &
238. b 35,5 57. 8
168, ¢ 42, 4 5b. D
245, 3 57. @ be¥. B
Total Resource repaorted
Resource by business unit

Figure 130 Recursion step 2

lllustrations.

APL

One statement in APL will perform a leasl squares regression.
B (E(RX)+ . xX)+.x(QX)+.xY

The iteration steps above would laok like the following

CR<3p0

<6 3B« (B(RX)+.xX)+.x{(QX)+., %Y
2.441 2.588 .805

CR[3]<=1

Y<¥-XI[;3

X<X[:1 2]

0«6 3B« (H(RX)+.xX)+.x(QX)+.xY
1.780 2.578

CRI1 2]+B

6 3Is=CRH
.562 .388 1.000
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A similar procedure can be followed using 1-2-3® Version 2 With V2, a
regression capabibty s included

The following SAS® procedure (Statistical Analysis System 1s a product offering
of SAS Instiiute) will yield 1he firs! estimale of the ceeflicients {parameter eshi-
male in SAS terms) of B=2.441 2 588 BOS
JATCKS 002 {2777,7777) WICKS MSCLEVEL=1 MSGLLASS=U,NOTIFY =105
J/SAS EXEC SAS
J/SYSIN DD -
DATA CAPTURZ;
I‘i"l” Y XI-XJ;

CARDS;

400.0  51.5  61.9  172.8
336.0  36.2  57.4  115.2
316.8  37.3  52.3  85.2
98,6 45.2 45.4  203.3
395.6  58.1  S§1.5  183.0
354,8  39.9  28.4  185.5
200.0  21.9  52.3  20%.3
38,4 42,5 47,1 1849
23.8 410 643 69.4
33E.7 3.7 82,9 120.6
353,6 £33 45.6  129.8
39,6 36.6  59.6 200.7
333.6  35.5  57.8 103.0
385,56 iac.e B6.0 219.5
370.0 57.0  60.8 124.7

PROC REG;

MOBLL ¥ = K1-X3/NOINT;

/.

After getling the fist eslimale The process of eliminaling X3 can be accom-
plished by setting ¥1=Y-X3. and reducing the model as follows
JAICKS Q0B (7777,77%7) WICKE MOGLEVEL=1,MSOCLASS=0,NOTTFY=WICKS
J/SAS EREC SAS
/51516 00 ¢
DATA CAPTURE;
INFGT Y X1-X3;
Y1=Y-X3;
CARDS;
400.0 51.% 6..9 l7i.0
370.0 37.0 Go.& 1247
PROC REG;
MODEL ¥: = X1-X2/NDINT;
/.

The second Herahion will yield the parameier estimate of B=1 780 2.579 SAS
also provides an estimale of goodness of fit,

fppendix D, Gaplure Ratos 121
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Cther easier methods do exist which will distribule the dilterence belween the
total resource used T, and the sum of lhe business units B 1n an egurtable
manner. The simplest would be o distnibute the differeace T-8 in proportion {o
the size of the business units If theré wera lwo business units B1 and B2
reporting equal amounts of CPU usage. divide T-B equally between B1 and B2
Il B1 and B2 were in 80 20 proportion sphl T-B sc that B1 receiwved 80% of T-B
and B2 received 20% This method distributes T-B n porporiion fo the business
units CPU time.

Alternatively distribute T-B in proportion to ancther resource such as the 'O
count if the I/C counts far B1 and B2 are in B0 20 proportion, distribute T-B 1n a
similar manner. This technique 5 simple in concepl but diftrcult in implementa-
tion The mapping of physical /05 1o business unil 15 not simple, RMF does
provide block counts or "EXCP"s, bui these da nol map one-to-one to DASD 1/0s.
It remains for each instance lo establish a level of confidence that the block
count proportion is a good basis for disiributing DASD /Os.

Also, one could distribute in a manner which reflects a specilic knowiedge of the
workloads For example if il 1s known thatl a service address space relates only
1o specific business units. one could distribule that before any generic
distibution.

August, 1933
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