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Obtaining optimu. parfor.ance from a computer systea is often
critic~l to the success of ~n In.t.ll~'ion. This is p~rticularly

true today when data processing .an~g8rs ~re being ask to product
~ore with little or no increase in their budget.

Whan .ost users co.ment about a syst•• 's performance they art
really stating how well the syst•••••ts their expectations. This
means that what is felt to be • performance proble•• ight wall
turn out to be an expectation probl ••• If users fail to consider
the strengths ~nd limitations or the systa. while designing
application prograMs great dis~ppointm.nt can r ••ult.

Fortunately parfor.anca ••~sure.tnt tools for.arly used only
at the factory have matured and are now being distributed to the
field for SE usa. With these tools now ~v~ilable at ~ point closer
to the custo.ar, perfor.anc. problems ~r. being addrassed .ora
quickly and in .any c~sas with i.pre•• iva results.

On the following p~ge. i •• representative report based on
one of the .achinas where p.~'or••nce W~. judged by the u~ars to
be unsatisfactory. The raport is presented to the customer during
a .eeting that usually lasts in the neighborhood of two hours. At
that ti •• attention is focused on the areas where t.prove.ants in
p8rfor.~ncQ can ba re~li%.d as quickly as possible. At all times
it .ust ba ra.asbared that the object is to optiaiz8 the
combin~tion of the coaputar sy.t.. and it. u••rs not just the
syst••.
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--------~-----------~------~-------------------------~------------

INTRODUCTION SECTION I

~-~---------------~---------------------~------~~--~----------~---

INTRODUCTION

The purpose of this raport is to pra.ent ~n ~n~lysi. of tha
performance of your HPJOOO. This inforMation should help in
answering quastions such ~.,

1. Is syste. response ti •• baing restricted by CPU 1 ••aory
or disc contantion?

2. Are ~ny programs unexpectedly do.in~tin9 the .ix?
3. Can ~ddltional appltc~tlons and/or users ba ~ddad to the

syste. without ~dvQrs.ly ~ffecting response?
4. What .ight be dona to i.prove systa. parfor.~nca?

The dat~ presentad hare w~. obt~ln.d fro. ~ trace ot syst••
~ctivity collected with the avent .onltor(ng facility,

A record ot each occur.nce of .elected
events is written to t~pe tor sub.equent .nalysis. For this report
the pri.~ry events .onitorad ~r. ~ssoci~ted with •••ory .anagament
activity, process dispatchin9 and 10 device activity.

Since data is collected with a aonitor using soltw~re traps,
the monitoring ~ctivity n.c.s.~~ily has an .flect on the
perforaance of the systea. E~peri.nce indic~t.s, however, that the
results are skewed only .ligh~ly ~nd in mo.t cases is
und8tac~able. In ~ny case the intor••tion obt~ined 9iv•• ona a far
greater insight into the syst•• 's activity than is obtainable in
~ny other way currently available.

Raw data is usually collected for a pariod ot tl.e much
longer than that chosen for datailed analysis. On a he~vily loaded
syst•• about 500,000 avents are recorded on the tape .~ch hour
activity i. monitored. Since det~tled an~lysis is quit. ti.e
consu.ing the tape is scanned for a ;eneral picture of the
~ctivity recorded. A 15-30 .tnute 'window' is then chosen for

. detailed .nalysi•.

The operating syste. or any co.puter 1s designed to manage
the systc.'. re.ource., principally, the processor, .ain .a.ory
and disc resolving conflicts arising fro. competition a.oung the
com.unity ot users. When de.and tor any resource approach•• the
c~paclty, the .anagaaent t~.k beco... difficult causing syst••
efficiency to decline.

C-IO.2



Perfor.~nc. of a syste. has to be discus.ed in the context ofthe syst•• workload. Tha progra.s which m~k. up this workload canbe characterized by the type and .~ount of syste. resourcesrequired 'or their axecutton.

In the folloWing sactlons this report moves fro. the generalto the specific in its investigation of the utilization of thethree principal resources mentioned above. First, utilization fro.an over~ll point of view is discussed. Then ~ sum.ary ofinfor.ation by prograa ·for ~11 jobs and sessions is presented.Next is a detailed report for each program that was found to be asignificant resource user. The ••ction on conclusions andreco••end~tions provide. a su•••ry ot the sivntficant bottlenecksin the systea and suggests ways to i.prove systeM pertor••nee.

DATA COLLECTION

Pariod Monitorads Mon, Jun 26, 1978 1132 - 2123pm

Total nu_bar of event. recorded. 461,301

Window cho••n for analysi •• 1.53 - 2.13p.

-----------------~------~-Unless otherwise noted
ALL TI"ES IN SECONDS
ALL LENGTHS IN BVTES

-------~---~---~-----~----
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------~-----------~--~----~-~--~-----------~--~~---~----~-~-~-----

OYERALL RESOURCE UTILIZATION SECTION II

---~-----~--~------------~-----------~-------~--------~---~-~-----

OYERALl CENTRAL PROCESSOR UTILIZATION
-----------~----------------~--------

A fairly good first ~pproxi.~tion of how well a systa. is
perfor.ing is given by noting the ~.ount of ti•• the CPU spends in
e~ch of four stat.sa

1. CPU bUsy - the ti.e during which .o~e procQss was
executingJ

2. W~iting for swaps - the ti •• during which the me.ory
.~n.9ar (MA") is w.iting for. disc 110 to complete ~nd

no other process h.s sufficient .emory resources to runJ
3. W.iting for disc 1/0 - the time during which a process

other than "A" is w~iting for a disc 1/0 to complete .nd
no other process is requesting the CPU,

4. Idle - the time during which no process is requesting
the CPU and no process is waiting for 1/0 to ter.in~t.r

---------------~--~----------------------------------------~-----

14.9
3. 1
1 .6
O.S

74.57
1S,.31
7.87
2.25

Busy
W~iting 'or swaps
Waiting for disc
Idle wait

I Percent
CPU STATE I 0' Window Tot.l "ins

I-------~---~------------~-I------------------I~----------------1
I
I
I
I
I
I

------------~----------------------------------------------------FIGURE 1-1. CPU us~ge during the window. The average CPU busy
interval was 14 •• and the average idle tiMe w~. 5 ms. These two
figures ware distorted by the progra. IDLE.

The CPU bUSy tl •• c~n ba
"••ory aanager
Other "PE process••
The progra. IDLE
Othar user process••

broken down as follows.
10.3'"
2.00

~30.S2
31 .6'

Nota that the CPU was being used by tha •••ory .~n~ger or was
baing held for swapping 2S.67X 0' the tt ••• This indicate. that
the meaory .an~ger is having consider.bl. difficulty ••ating the
requests for .atn ••mory.
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OYERALL ME"ORV UTILIZATION
--~--~-~------~---------~-

As your syst•• is prQsently configured the residant portion
of MPE uses 94 1 464 byte. of aemory l.~ving 439 1 824 byte. of
'linked' .e.ory for swapping. Tha size o~ rQ~ident meMory iS I to
so~e extent l controlled by responses to configuration qUQstions
while doing a SVSDUMP.

In analyzing the utilization of a••ory it is useful to note
whether the allocation was for code or data and if for cod.
whQther it cam. fro. a progra. file or a sag.anted library (SL).

-------------~---~--~----~-------------~-~~-------------~---------

SeglDent Percent Average Average Nu. of Qverl4lys
Type "a.ory Alloe Pr.sence SClaps p.r Swap

--~------.-- ----------- --------- ----------- -------- --------------
DATA 30.75 3679 8.13 4912 0.741

SL 44.23 S272 12.47 3331 1 .412

PROGRAM 8.46 4393 18.02 550 0.391

Totals 83.44 4327 10.41 8793 0.973

~-----~-----------~~-~---------~---~--------------~------~~-------
FIGURE 2-1. MeMory ~lloc~tion inforaation. This data ~pplies only
to linked .emory and does not include any sag.ants allocated prior
to tne start of aonitorina.

The principal concern here 1s how .ucn swapping went on and
how .~ny segments currently 1n .a.ory had to ba overlayed to .aka
roo. for the new ona. The nuabQr of swaps shown hera indicate. a
higher th.n desirable r~t. or .w~pping. There wer. over 7 swaps
per second. It is possible to .v.raga about 30 disc II0s par
sQcond on the HP3000. This ••ans th.t about 25X of the .axi.u.
possible disc activity was used for swapping.
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OVERALL DISC ACTIVITV

For bast performance, disc I/O raqu.sts should be evenly
distributed over the av~ilabl. drives to reduce ~rm contention ~nd

seek tilles.

--~~-~~--------~~---------~------------~----~---------~----------
Seconds

Request Parcant Transfer ~ Between
Drive Count of Tot~l Langth Busy RequQst~

------------ ----------- ----------- ---------- ----- --.-,.._------
1 R 111 71 40.1 2924 2S.65 0,107
1 W 6613 23.7 3100 15.52 0, 181

2 R 1228 4.4 2816 2.80 0.974
2 W 871 3.1 1887 1 .54 1.318

3 R 1596 5.7 2261 3.57 0.752
J ltI 808 2.9 1169 t •S5 1 .483

4 R 1146 4.1 2244 2.19 1 .04S
4 III 901 3.2 2003 1 .65 1 .330

12 R 10'94 3.9 3044 2.62 1.093
12 W 607 2.2 1673 0.99 1 .973

13 R 1164 4.2 1632 2.15 1 .027
13 W 661 2.4 1388 0.93 1 .809

27860

---~---------------------------------------------------~-~-------FIGURE 2-2. Glob~l disc activity. The top line for each device
applies to reads, bottOM line to writ••. During the window 74.35
.fllion bytes of dat~ were transferred betwaan disc and ~e.ory.

Swapping traffic accountad for 57.04 .illion bytes or 76.7X of the
tot~l. Each second ~n avarag_ of 23.22 disc 1/0 requests were
Clade.
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OPERATING SYSTEM DISC REQUESTS

Cert~in user activities caus. the syste. to access discstorage. It is useful to id~ntify these .ctivities ~nd t.bul.tetheir respectiva 1/0 loads. Th••••ory m.n.ger is aI.ost ~lw_y.the system process ~hich uses disc .ost heavily. All "A" requestsare associated with sw_pping. Tha LOADER accesses progra. fil ••and SL files to resolve external refarencQs when the :RUH commandis issued. Other system processe. which access disc memory includeDEVREC (to verify signon information) .nd lOG (for syste. logging,if enabled).

DRIYE
SVSTE" PROCESSES

MA" I LOADER I OTHER
USER
PROeS TOTAL

1 R 7862 953 72 2384 111711 W 5466 43 2 1102 6613

2 R 65 1 123 1039 12282 U 2 43 826 871

3 R 480 9S 12 1009 15963 tal 2 5 801 808

4 R 168 74 31 873 11464 W 6~ 6 830 901,
I
I
I
I
I
I
I
I

12 R
12 W

13 R
13 W

1 11

1 08

14260
51.18X

26
24

1185
4.7~"

15
29

338
1 • 21X

9S7
583

1 041
632

12077
43.J5~

1 094
607

1164
661

27860

~----~------~-~--~--------------~--~--~--------~--~------~---~---FIGURE 2-3. Operating ~y~t•• disc access requests. The top linafor each device applies to read. and the botto. line is forwrites.
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~~------------------~-------------------------------~~------------

SVSTE" WORKLOAD BV JOB/SESSION SECTION III

------~---~-~---~-----~------------------------------~---~~-~-----

During the aonitoring window of ~ .ystam it is possible for
each user to run one or sore progra... Figura 3-2 shows which
progra.s were run by 8~ch user. Also shown .re tho~a progra.s u~Qd

by the operating systam. Included for .~ch user's progra. is the
CPU 1 me.ory and disc r.sources us.d. Figura 3-1 cont~ins

information to help identify user•.

The syste. programs listad ~r. run on bah~lf of users without
their knowledge or intervention. Normally, all of these program~

make s.all da.ands on syst•• r.sources. Since .ost of these
progra.s art run at ~ much higher priority than user prograas l

their i.p~ct i. qUickly faIt when they beco.. heavily used. The
fact that MA" used over lOX of the CPU is an immediate indication
that the oper~ting syst•• is haye trouble ••ating th. de.~nd for
mamory. There is not enough r.~l .e.ory to efficiantly h~ndl. ~ll

the request•.

Hote the impact th~t the COBOL compile ('J~) had on the
syste.. The co.binad co.pil••nd prep used 21X of the CPU ~nd 28~

of the aa.ory during tha , .inut•• th.t the operation took. When
rQsponse times are a proble., COBOL coapiles should be kept to an
absolute .inimu••

The data clearly show~ the i.p~ct th.t the A4000 processes
hava. With only a couple of exceptions, those processes with mora
than 190 sw~p. ~r. associat.d with your application pro9r~.. Tha
exceptions are signiric~nt since they include COBOL and the
EDITOR. The EDITOR process during S••• ion 41 ran 18 minutas using
over 7X of the available .eaory and over 4X of the CPU during this
time.
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~-----~----~--~-~--~---~-----------------~-----------------~----
JOBNUM JIN INTRODUCED JOB NAME------ ---------- --------
IS29 20 MON 1133P "AHAGER.SVS
1534 S2 MON 1 : 35P A40,ROH.Fr1S
IS35 40 MON 1 : 35P OSSUSER.Fr1S
IS36 23 MON '137P A40,OSSUSER.FMS
IS37 27 MON 1 : 37P A40,OSSUSER.FMS
1538 26 MaN 1: 37P A40,OSSUSET.FI1S
1839 28 MON 1138P A4 0,..OSSUSER. FlitS
IS40 2S MON 1:40P A40,OSSUSER.Fr1S
1541 53 MON 1142P GEORGE,FMS
1548 32 MaN 1147P A40,OSSUSER.FI1S
IS50 31 MON 1 : 49P A40,OSSUSER.FMS
IS52 30 MON 1 : SOP A40,OSSUSER.FMS
1853 34 MON 1150P A40,OSSUSER.FMS
IS55 22 MON la52P A40,OSSUSER.FMS
IS56 51 MON 1 : 56P ANHIE.FMS
ISS7 23 1'1 ON 1 : 57P A40,OSSU5ER,F"S
IS58 21 MON 1 : 37P OP.FMS
.560 21 110N 1 : 59P A40,OSSUSER.FMS
#561 46 I10N 1 : 39P A40,OSSUSER,FMS
.564 33 MON 2:02P A40,OSSUSER.FMS
1565 40 110N 2:0JP OSSUSER.FI1S
.567 50 110N 2,04P ROHK.Ft1S
IS68 41 I10N 2:04P A40,OSSUSER.FI1S
1571 ~~ "ON 2: 12P TO".Ff1S

IJ 1 1 0 "ON 1 : 34P IDLE1DAN.F"S
IJ S 10 "ON 1.50P WCO"PILE,AHNIE.F"S
IJ 6 1 0 110N 1 : 56P "ANAGER.SYS

---------~------------------------------------------------------FIGURE 3-1. Session ~nd job identification.

Figure 3-2 on the next two p.ge. contains sum.ary information
~bout e~ch pro9r~. th~t W~. running ~nyti~. durin9 the 1200 second
window. The number of seconds that the progra. was observed is
shown in coluMn two. CPU us~g. t. shown ~$ • percentage of the
seconds observed. MeMory used is a parcantage of ma_ory
~vailable during the ti.. ob••rved. Colu.n fiva indicate. the
.v.r~g. size of all seg.ents (code and d~t.) .1Ioc~t.d for the
progra.. The disc 10 count in colUMn .ix .pplies only to lOs
associated with '118$ opened by the progra.. The sw~p count
include. ~ll •••ory man~ger lOs caused by this pro9ra. including
tha initial allocation of each sag.ant. Overlays indicate how many
sagmants already in •••ory had to give up •••ory when the Average
sagaent for this prograa was _ad. present.
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-----------------------------------------~---------~--------------
I I SEes I XCPUI I AYG I DISC I I OYER I
I JISt PROG I SEEN 1 USEDI :("~" I SEG 1 1/0. I SWAPSI LAYS I
~-----~-----~--------~------~----~------~-~-----------------------
1

SESSIONS

29 CO"'"ANDS 1197 • 061 .37 3607 11 81 . 19
34 SEGDYR 182 .331 1 .21 2237 2 1OS .13

SEGPROC 183 3.781 2.78 3698 6S7 78 .69
COr1I1ANDS 1117 .. 47 .91 3080 300 281 .30

35 A4000 585 3.02 12.67 4769 260 535 1 .39
CO""ANDS 617 .03 .1 S 3128 16 24 .00

36 A4004 241 1 .26 3.00 4570 98 114 .32
COI1I1ANDS 259 · 11 .53 3015 16 32 .00

37 COMMANDS 338 .26 .41 2957 18 36 .34
A4000 338 J.16 12.09 4830 224 456 1 .40

38 A4004 1195 1 .39 3.4S 6177 528 278 1 .66
39 A4002 1197 2.62 9.68 5304 1124 S59 1 .3S
40 A4003 1200 .53 1 .94 5154 113 179 1 .55
41 EDITOR 1119 4.14 7.35 3722 1601 538 .40

CO""AHDS 1143 .04 .06 3241 14 39 .33
EDITOR 54 2.59 9.38 4214 68 49 .63

48 A4000 1188 .66 4.67 5898 1J4 352 1 .63
50 A4001 1196 .98 4.49 5403 405 J08 1 .24
S2 A4000 1165 .93 4.37 5402 299 346 1 .62
53 CO""AHDS 1200 • 11 .34 3227 70 79 .22

A4004 1197 .01 .03 2841 0 13 . 1S
54 CO""ANDS 20S .30 .69 2691 24 60 .23
55 CO""AHDS 4 1 .86 4.29 1130 3 4 .00

A4003 626 .90 3.38 4404 247 196 1 .14
56 FCOPY 106 .56 2.96 3688 7 48 .90

FCOPY 301 .65 4.56 3890 15 122 .52
COf1I'1AHDS 852 .35 .34 2673 98 127 .40

57 COf1I1AHDS 29 1 .22 4. 11 2695 24 2S .24
A4004 892 .32 .41 3437 138 61 1 .02

58 COPYOP 195 1 .33 3.67 3602 93 72 .47
COf1"AHDS 262 .52 1 • 17 3150 42 59 .85

59 COtfMAHDS 15 3.01 1 .93 2445 28 16 .56
60 A4000 737 2.96 9.81 5219 116S 357 1 .96

COf1I1AHDS 108 .35 1 .00 2634 24 27 .04
61 A4004 30 3.1S 11 • 09 3207 12 43 .46

COIlfI'tAHDS 75 .78 2.08 2542 36 32 .53
A4004 64 4.29 8.00 4270 139 58 1 .00

62 COf1MAHDS 16 2.76 4.97 2395 28 26 .65
63 CO"'"AHDS 13 3.29 5.23 2402 28 30 .27
64 A4003 611 1 .27 4.76 4896 298 211 1 .21

COMMANDS 26 1 •SO 3.47 2727 24 16 .19
65 CO""ANDS 37 1 .1' 9.31 248S 22 27 .22

A4000 522 2.09 5.S1 4041 272 323 .80
66 COMMANDS 26 2.02 1 .68 2634 28 31 1 • 00

----~---------------------------------~------------------------~--FIGURE J-2A. Su~s.ry infor.ation of each pr09r~••••n during the
window. COtf"AHDS r.f.r~ to the co••and interpreter.



-~---------------------------~-~-------~----~--------------------~
I 1 SEes 1 :l.CPUI 1 AYG I DISC I I OVER
I JISt PROC I SEEN I USEDI "ME" I SEC I 1/0. I SWAPSI LAVS
--------------------~--------------~--~--~-~----------------~---67 EDITOR 219 10.131 4.701 4067 391 81 .32

COMMANDS 302 .37J .81 I 3146 46 65 .31
EDITOR 215 10.631 6. S1 I 3948 437 1 01 .26

68 CO"MAHDS 29 1 . 141 2.931 2799 24 16 • 1J
A400J 316 2.771 8.871 4925 278 196 1 .31

69 QUERY 275 2.131 S.J41 ~16~4 179 148 .97
COrlf"ANDS 399 .331 1 .421 3013 70 1 10 .18

70 COIlfMAHDS 136 .541 2.031 2990 31 56 .50
FCOPV 69 6.1' I 6.591 3438 65 43 .93

71 CO""AHDS 20 1 .671 4.191 2813 26 25 .68
EDITOR 41 4.091 4.901 4158 67 48 .83

JOBS

1 IDLE I 1143 30.521 1 .381 2421 9 26 .00
5 COBOL I 299 16.471 19.931 8650 493 224 2.98

CO""AHDS I 358 .261 .441 3060 48 40 1 .17
SEGPROC I 69 4.441 7.601 3436 202 57 .91

6 CO"MAHDS I 33 4.481 6.071 3297 58 42 .J3
8 FORTRAN I 86 10.811 9.161 3938 440 89 .58

CO"I'tAHDS 1 179 .601 3.121 3053 43 81 .44
FORTRAN I 197 4.301 9.791 4313 426 69 1 .28

SYSTEM

PROGEH 287 .271 .471 4210 16 20 1 .03
"AM 1200 10.361 .001 0 14260 0 .00
IOSVS 1199 .061 .201 2014 0 76 • 0 t
IO"SG 116S .041 .271 1980 0 133 .02
LOC 1198 .021 .2SI 2415 63 91 .07
UCOP 1200 · 151 .521 1945 4 174 .10
DEYREC 1198 · 11 I .471 2424 68 121 .OS
PRII'ISG 1197 .021 •os 1 1196 0 29 .00
LOAD 1132 1 .521 .291 4870 118S 45 .73
SPOOLER 443 · 171 .271 3117 14 14 1 .36
SPOOLER 1061 .721 1 . 131 4424 173 1 01 .S2

~------~------~--~-~-~--~---~------------------~------------------
FICURE 3-28. Sulftll~ry information ot aach program saen during the
window. CO"MAHDS rafers to th. cO.!I~nd intarprater for the Job or
session.
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------------~--~---~-~--------~-~-------~~-------~-----~-----~-~--

SECTION IYINDIYIDUAL PROGRA" ANALYSIS
I
I
I
--~~-----------------~-------~---------------~--~---------------~-

Progr~.5 nor.~11y spend very little ti •• actually using the
CPU. ~ost of the tia.· is spant waiting for so.e event to
tarainata. Thre. avents usually ~ccount for the m~jority of tha
w~it tiae.

(1) User requested 1/0,
(2) Absant code or dat~ .eg.ent,
(3) HUMan think ti •• at a tar.inal.

Of course the third itam usually doesn't apply to batch programs.
In this c~s. waiting for a higher priority process to giva up the
CPU is the third significant avent.

Interactive progra.s .~y also ba hald up waiting for terminal
output. This is causad by writing large a.ounts of information
(i.e. l.rga (oras) to the scr••n in block .ode. Adding .ora
tarminal buffers to the syste. conflgur~tion will soaeti.as halp.
Occasionally progra.s ~re s.en with si9nific~nt wait due to
database or file locking.

Once the avants do.ina~ing the wait time have been identified
it may be possible to i~prove performance of individual prograa.
~nd thus the sy.tea a. a whole. When the CPU is the li.tting
r ••ource l the solution is usually an additional co.puter or
~noth.r _ora powerful.

When absent sag.ants .re responsible for most of the wait,
parforaanc8 C~n be iMproved by adding _ore rQ~l .a.ory to the
system. This condition can be causad by segments which are
excessively l~rga ( over 10,000 bytes). In this case reducing
sag_ant sizes say iMprove per'oraanC8 to a satisfactory leval. The
cost of modifying progra•• to acco.polish this sust ba balanced
against the cost of the raquir.d additional •••ory. Frequently
adding .e.ory is the .ost cost-effective solution.

User disc 1/0 wat~ tt.e can nor.ally ba reduced only through
'red~ction of 1/0 requa.ts by the progra.. In a few instanc.s
.oving files b~twa.n drive. to bal~nc. ar. contention .~y help.

locking walts can often ba reduced by c~re'ully rethinking
where and when lock requests .re issued. Applications locking
multiple filas (or dat~ba.es) can .ake reduction of locking
contantion very difficult.
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----~-------~----------~-------~~~~------------~---------~--------
PROCESSI

SESSION
SECONDS
OBSERVED

USING
CPU

A8SEtfT USER
SEGMENT DISC 10

FILE
LOCK

A4000/35
37
48
52
60
65

A4001/~O

A4002/39
A400J/40

55
64
68

A4004/36
38
53
57
61
61

585
338

1188
1165

737
522

1196
1197
1200

626
61 1
316
241

1195
1197

892
30
64

"3.0
3.2
0.7
0.9
2.9
2.0
1 .0
2.7
0.5
0.9
1 .3
2.7
1 .3
1 .4
0.0
0.3
3.2
4.4

i:
21 . 1
30 .. 3
6.4
6.2

13,9
19,2
3.2
9,6
3.5
6.5
8.1

13.9
9.8
3.3
O. 1
1 • 0

27.9
33.2

"1 .6
2.4
0.6
1 .0
5.7
1 .5
1 .6
3.S
0.4
1 .6
1 .6
2.9
1 .5
2.3
0.0
0.4
1 .4
5.9

"2.3
14.8
17.4
17.4
1 0.5
1S.2
13.4
22.3

0.7
13.8
9.6

15.3
0.0

1 0.7
0.0
0.0
0.0
0.0

"66.9
45.7
74.4
70.7
53.0
58.6
66.3
49.8
78.2
74.7
78.5
52.4
83.5
72.5
99.0
97.8
27.2
42.8

FICURE 4-1. Progr~. wall-time distribution. This ch~rt shows wh~t

w.s h.p~Qnin9 to prGgr ••• during tha ti •• a.ch was baing obs~r~.d.

For instanc8 1 during the 58S seconds that prograa A4000 <ISS3)
w~s visible within the window it spant JX 01 that ti •• exacuting,
21.1X of the ti •• waiting for ~ sag.ant to ba .ada present bafore
axecution could continuRI 1.6X of the ti_. waiting for file I/Os
to co.plate l 2.3X of the ti •• for • data-b~s. lock and 6'.eX of
tha ti•• w~itin9 for respon•• fro. a ter.inal read.

The lollowin9 process•• spent a significant amount of time
w~iting for 'blocked I/O'. This is caused by writing to a tarMinal
when tarmbufs ~rQ unavailable or by nobuf 1/0. The large»t factor
in this c~sa is probably due to the nabuf 1/0 calls issued by
II'1AGE.

A4000/60
A4001/50
A4002/39
A4003/40
A4003/68

13.64:'.
11 .70
16.57
14.41
10.06
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----------------~~-~--------------------~--~------~------~-----~--Prograa, A4000
Observed.

1535 OSSUSER.FMS
13,36.40 - 14.02.45 585.4 .acs

--------------------~---~------------------~~----------~-~------OCCURREHCES ISEes BETWEEN I AYERAGE I CPU
WAITING FOR. I PRCHT COUNT I OCCURENCES I WAIT IBETWEEN
------~~--------I-------~-------I------------I---------1--------

ABSENT SEC 45 . 15 521 1 • 123 I .237 I O. 034
DISC I/O 22 . 70 262 2.233 I . 033 I O. 067
TER" READ 16.90 195 2.'96 I 2.00S I 0.087
HIGHER PRI 12.31 142 4.120 J .021 I 0.124
I'IPE RESOURCE 1 .47 17 34.240 I .390 I 0.994
TER" WRITE 1.21 14 41.522 I 1.480 I 1.204
DATA BASE LOCK .26 3 180.617 I 4.562 I 5.281

--------------~----~------------------~-------------------------MEMORY AND SWAPPING LOAD.

MEMORV USED
PRCHT Aye SIZE

TIME IN "E"ORV
AYERAGE TOTAL

OVER
SWAPS LAYS

STACK97
OSEC100

l t'SEGI01
DSEG104
DSEC94
DSEG74
OSEG99
DSEG84

1 .008
.002
.002
.006
.004
• 120
• 18~
• 177

7816
7872
7640
7552
5440
5026
2216
,.64

1~.099

•701
."8

2.149
t .9JS
6.621
7.9S8

10.385

332.1
.7
.6

2. 1
1 .9

59.S
214.8
311 •S

22 1.772
1 2.000
1 5.000.
1 3.000
1 2.000
9 .333

27 • 000
30 .000

Avg. 'or 28
dat. segs 2.015

Avg. 'or 44
SL sags 10.643

Avgs 'or 1
prog sag .011

2J~3

6714

3904

6.655

13.472

7.357

238

296

1

.256

2.311

.000

-------~-------------~-~------------------------------------------FIGURE 4-2. Process det.il. This illustrate. the level at detailed
inforMation ~v~il~bl. for a~ch process active within the window.
Events which c~us.d the process to wait are li.tad at the top in
.order of number 0' occurrence•. Not. that this proce•• used only
67 as of CPU tl.e betw.en .ach disc 1/0 which occurrad on the
average evary 2.2 second•.

While the d~t~ hara indic.tes a ~.r.in~l "' ••pon.. ti.. ot
991 •• <ti.e betwQen reads .Inus wait for read) .ctu~l re.pon••
ti •• was ~round 1S ••cs. The ditterence i. c~u.ed by .ultiple
reads being issued tor a 'or••tted scraan.
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----------------~-~---------------~~----~------~--~~--~~-~--------

CONCLUSIONS AND RECOMMENDATIONS SECTION V

couple of
aanager is

shown by
window. A

----~---------~--~--~~------------~-------~--~~------~------------

The d~t~ pres.nted in this report indicate. ~

reasons for your reduced response ti~e. The &8~ory

having trouble .eating demand for .ain memory. This is
the fact that "AM used over 10X of the CPU during the
swap rate of over 7 per second is ~noth.r indication.

Tha a••ory contention proble. c~n be reduced to so.. extent
by reducing the siz8 of the five large SL seg.ants used by you
application progra•. You should be able to identify these using
the individual progra. d~t. sheets in Section IV.

Tha second proble. is datab••• locking contention. D~ta In
Section IV shows that most ex.cutions of your application spent
about 15X of the time waiting to lock d~tabases. This problea was
particularly savara for A4002 (1939) which sp.nt over 22X of the
tie. w~iting for d~tab~se ~ceess. No suggestions c~n be .ad. here
since _ solution, if ~v_il~bl., would r.quira inti_ata knowledge
of the ~pplication.

Tha infor.ation presented in Section III shows the i.p~ct of
progra. davelop.ant activity. Note the CPU and .a.ory usage during
executions of EDITOR, FCOPV and COBOL. ~hen response ti••s beco••
unba~rable, it a.y ba naces.ary to curt~il on-lin. progra.
develop.ant.

During the 50 .inuta. that d~ta was baing coll.cted ~4

log-ons occurred. Sine. tha log-on process places a ha~vy load on
the syste., even though for a short time, ~n att••pt should b•
• ~d. to reduce this activity. At least 29 ••ssions l~st8d less
than on•• inuta.

An effort
should be .ada to keap at la~.t 20,000 free ••ctors on the systa.
disc. At least 12-1S~ of the total disc spac. should be fra. ~t

all ti.as. Theory and experience both show that when tha aver.ga
utiliz~tion of any resource approaches the capacity, ~ large
perfor.anca degr~dation results.

Data in Saction IV s •••• to indicate that wh.n the .e.ory and
locking bottlenack. are r ••ovad, it is unlikely th~t anoth.r

"bottleneckH will be uncovered. AI.ost c.rt~inly the CPU will not
restrict you for the foreseaabl. future. Disc ~ctivity laval is
low enough to sugge.t no probl•• will occur her. either.
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----~~--~----~-~--~------~------------~~-------~~-~--~---~-----~--

PERFOR"AHCE OPTIMIZATION TOOLS APPENDIX A

-----~-~~----~-----~~~---------------~-------------~-~---~--------

There ~rQ sav.r~l. progr~.s .ore or la.s ~v~ilable that in
so~a w~y provide inform~tton p.rt~inin9 to parfor.~nca. Many ~r.

contributed and thus .~y or may not axecute properly with the
lastest release or MPE. The progra•••~r'ed as contributed are in
general circul~tion but h~vc not bean ror.~11y placed in the
contributed libr~ry.

1. MONITOR

2. SA"PLE~

the combination or • software monitor built into
MPE and a data reduction progra•. This is the ~ost

co.plete parfor.ancc tool avail~ble. Output fro.
the reduction progra. requires careful
interpretation. Dedicated tape controller and drive
required. Av~ilabla only to SEse

used to identify thosa sactions of code which art
executed most frequently. Raquires install.tion of
~n ~ddition.l clock board on the syste. to be
sa.pled. Dedicatad tape controller ~nd drive
required. Ay~ilabla only to SESe

3. TRACER* .aasure. seg••nt
which sag.ants
not ba used with
controller ~nd

SEse

boundary crossings to deter.ina
~re referenced and how often. Can

COBOL program.. Oedicated tape
drive required. Avail~ble only to

4. TUNER2

S. OVERLORD

6. SHOWY"

7. SHOWQ

shows currant and ••xi~u. us. of several systao
tables. Used to deter.ina whether configuration
p~r••etQrs h~va bean correctly chosen. Contributed.

useful in datar.inlng who 1. executing what progr.Q
~nd the corresponding stack size. SOO (Son of
Overlord) provide. the same functions. In tha
contributed library.

indicates, at ~ gross level, how real and virtual
me.ory is being usad. Helpful in deter.ining how
much aeaory a particul.r progr~. usas. In
contributed library.

a syst•• co•••nd which displays in~or••tton aboutt
process scheduling subquaues. If the right.ost of
the three colu.ns displayed grow. longer th~n the
center colu.n, then the syste. has insufficient
real memory tor the current lo.d.

* General availab;~ity currently scheduled for early 1979.
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8. FREE2

9. SYSIHFO

displays the a.aunt of free .p~c. on ~11 syste.
disc packs ~nd ind1c.t•• how fractured the space
is. Badly fractured disc gp~ce c~n c~use ~

consider~ble perfor.~nce de9rad~tion. HP supported
systeM utility.

prints syst.. configuration infor.ation without
doing ~ SYSDU"P. Contributed.

10. PROGINFO prints .t~ck size, 5.~••nt size and extarnal
refarQnce infor.ation about proQr~. files. An
~xtended version of PROGSTAT. Contributed.

11. KS~MUTIL displays blocking factors ~nd intrinsic c~ll counts
associated with KSA" rile.. HP supported utility
delivarad with KSA".

12. LOC FILES contain inforaation aS$ociated with log-ons, file
closes and ItO transfer counts by process. So.e
contributed progra.. available to reduce
inforaation in the•• MPE g.nar~ted files.

13. LISTFXX used to carefully track us. ot disc space.
Indic~tes 10c~tion of first extent of .ach fll. and
date of last ace••s in addition to othar
information. When used in conjunction with FREE2
the amount of racover~bl. lost disc space c~n b.
calculatad. In the contributed library.

14. DBDRIVER us.d to quickly obtain infor.~tion about ~n I"AGE
database such as the size of the DaCS and
individu~l tr~n.action tim.s for • single user.
Distributed with I"AGE but is unsupported,

1~. IDEA halps dateraina p.~rormance eharacta~istlcs of an
I"ACE based application. C~n .e~.ura the .ffact of
aultipla user., Ti.ings apply only to the IMAGE
response ti ••• , not application processing ti.as.
Contributed.

16. DBSTAT determinas length 0' .ynony. ch~ins in IMAGE ~ast.r

d~ta-set •. Long synony. chains can c~us. dreadful
p8rfor~anc. d.g~ad~tion. Contributed.

17. LISTDIR2 used to detar.lne location of the first extent of
disc fil ••• HP supported sy.t•• utility.

18. LISTF The ·-1· option dlspl~y. the file l~b.l which
contains the address or .~ch extent of the tile.
Output can be written to ~ disc fll. for subsequant
progra.atlc p~oc.s.in9' HP suppo~t.d "PE co••~nd.
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---------------------~-----~-----------~------~--~----------------

MPE USE OF "AIN MEMORV APPENDIX B

-------~-----------------------------------------~---------------~

The ~.ount of me.ory reserved exclusively for "PE is referred
to ~s fixed •••ory ~. oppos.d to linked •••ory for which ~11

processe. COMpete. The size of fixed •••ory c~n h.ve ~ sub.t~ntial

effect on pcrf'or • .ancc of' .•achinas with lass than 512kb of _allory.

Driver linkage tabla
CST block tabla
Bank table
Job process count table
Systa. glob.l area
D.t~ segment tabla
Code segment table
Code segment t.bla extension
Process control block table
Interrupt control stack
Tarainal buffers
1/0 queue
Interrupt link~ga/Device info table
Systa. buff'ars
Working set table
"amory manage.ant table
Virtual bit .ap
Virtual disc space locator
logical-physical devica t.ble
Timer request list
Job cutoff table
Systa. internal resource table
Breakpoint tabl.
"emory manage.ant code
"iscellaneous systea routin••
Systea clock' timer req list code
Residant 10 code
Internal interrupt handler coda
Dispatcher coda
Disc driver code
Tape label input buffer
"iscellaneous ~rea.

SIZE
BYTES

256
132 •
192
88

768
3072 III

1536 III

4000 ,.
4096 •
1088 III

4112 III

2832 *
6520
4664 •
4464 *
3840 III

512
768
528
456 •
424
440
520 •

10200
3272
3304

12064
1880
1376
2424

552
SOOO

ITEM

30

4
2
3
5

1 0
7
6

8
30

9

12

13

----~---------~~--.-----------------~----------------------------
FIGURE B-1. Ite•• in fixed .eaory of the 2"b syste.
Fullarton HP Technic~l Centar listed in approxi.ately the
they actually appear in •••ory. Lin.. with asterisks
sag.ants whose size is directly .tfected by respons.s
SYSDU"P ti.e. The ite. nUMbers .re raference. to Appendix
Syste. "anager "~nual.
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SEMI-RESIDENT SYSTEM CODE

In ~ddition to the 60-90kb 0' fixed .amory several "PE
segments ~re rafarQnced so frequently th~t they tend to sp.nd much
of the tima in me.ory. On tha aver_g_ 3000, MPE is prob~bly

holding at laas\ 1S0kb of •••ory at ~ll tie••. Sine. this is not.
affected by the total a.ount of •••ory on the .yst.. adding ~or•
••mory to syste•• in the 256-512kb .l%.~can substantially improve
perforllance.

The following syst•• code sag_ants tand to spend at least 7SX
of the tt.a in me.orYI

FILESVS1 S9S2 FREAD, FWRITE
FILESYS1A 5400 FILESYS support routine.
FILESYS2 5624 FPOIHT, FCOHTROL, FUPDATE

FILESYSS 4208 FILESVS support routina.
FILESVS6 3472 FILESVS support routinas

Oth.r coda seg.ents which spend over 60 percent ot the ti ••
present I

ALLOCUTJL
PINT
OATASEG
CHECKER
UTILITV1
IOTER"O

3848
3048
3040
1536
3208
5128

23808

Oevice ~llocation utilit.s
CALENDAR, CLOCK, Process support
Data sag_ant handling rou~ine.

CETPRIYMODE, Intrinsic errors
ASCII, BINARV, WHO, REAO, PRINT
T.r.tn~l d~iv.r

Tot.. : ,ytes

So.a "PE dat~ sagmants which nd to stay in •••ory are
listed below with .. typical size in 4ords.

UCOP requ.st queue
LOE'I table
Disc directory .eg
Job .aster table
Yolu•• table
F"AYT
Process/job xr.'

C-IO.19
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~---------------------~-~---------~-----~--~~---------------------

Prograa
Total Hu. Global
Words Sags DB-QI

STACK
QI-21

"A~ Sl
DATA S.9S

Sl Tot
Words S.9-

APL
BASIC
BASICOtfP
COBOL
EDITOR
FCOPV
FORMAIHT
FORTRAN
FREE2
LISTDIR2
LISTEQ2
MERCE
MPMOH
I1RJE
"RJE"ON
I1RJEOUT
QUERY
RESTORE
RJE
RPC
SEGDYR
SEGPROC
SORT
SPl
SPOOk
SVSDUMP

138520
41564
33184
84892
33380
16080
7088

45188
696

8936
1012
28~'

2956
20488

1860
1816

42820
1948
5400

55396
1028

12676
2976

40628
1404

16092

49
24
19
35
15

5
2

21
1
4
1
1
1
7
2
2

20
1
8

22
1

1 0
1

30
3
5

6883 .
496

1146
3953

99S
4893
1122
1101
4112
19'

2487
2

5524
3221

394
2306
4174
2413

927
3146

369
90S

1
3290
1191
3425

1024
800
800

2000
4600

900
800

2S00
800
800
800
800
800
800

1100
1024
1300

800
1000
800
800

1000
800

2500
800

1 000

31000
31000
30000
32000

8000
31000
~20000

32761
DFALT

8192
15000
15000
DFALT
DFALT

3200
DFALT
11000
DFALT
DFALT
32000
DFALT
24000
15000
32767
30000
16000

21
24
15
18
17
19
1 0
16
1 0
16

5
13
15
19
23
12
28

9
24
15

5
19
14
16
17
22

48012
S3344
37756
41212
39680
50304
23199
36124
23048
42460
12800

42S40
52208
29352
62684
20404

37604
1 04188
41828
36026
36124

70
48
33
S3
32
24
12
37
1 1
20

6
16
16
26
25
14
48

9
32
37

6
29
13
46
20
27

626884 299

~--------~~--------~~-----~-----~~------~~-~~------------~------~-
FIGURE 8-1. Listing of HP softwara showing the siza of the progra.
in words and tha number of sagaants in the progr•• file. The size
of the initial stack is shown along with the .~xi.u. size it .ay
grow to. SL segs refars to the number of SL sagmants th~t ~r.

directly referenced by tha progr~. fila. Thase sagmQnts .~y in
turn raference other sag.ants. The sua of the length of ~11

directly refarenced SL sag.ants is included under the he~ding SL
words. Total sag.ants is simply the SUM of the progra. sag.ants
and the SL ,segments.
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-~---~--~~---~-------~---~~-------~-------~-----~----------~--~---

"PE USE OF SYSTEM DISC APPENDIX C

-~---------------~----~----~-------------------------------------~

SYSTEM DISC LAVOUT

(configurabla)
(configurable.)

USE OF DISC SPACE

Disc label
Defective tracks table
Cold load infor.ation
Free space tabla
System directory
Virtual me.ory swapping
System files and tables
User file area

area

ApPROX
SECTORS

1
4

22
32

384-6000
1024-32767

7500
149,000 - 187,000 (7920)

Systam software uses about 1S,OOO sectors of the usar ~rea.

On non-syst•• discs (other than private volumes) the only
ovarhead is for the disc label, th. defective tacks t~ble and the
free sp~ce table. All other space is ~vailabl. for user files.
"aster volu.es of private volu••••ts will have ~ fila directory
using 1000 - 4000 sectors.

Drive type Tracks Sector. Byte.

7906 1,600 76,800 19,660,800
7920 4,075 195,600 50,073,600
7925 7,335 469,440 120,176,640

PUB.SVS DISC SPACE
------------------

FILE SECTORS FILE SECTORS FILE SECTORS

------------------ -~----~----------- -------~---~--~-~-
APL 1201 FORTRAN 384 QUERV 383
BASIC 349 FREE2 43 RESTORE 40
BASICO"P 281 INITIAL 400 RJE "CICAT 2785 LISTDIR2 84 RPC 472
COBOL 718 LISTEQ2 32 SEGDYR l'COMMAND 501 MERGE 29 SEGPROC 118
DPAH2 297 I1P"OH 73 SL 5001
EDITOR 284 "RJE 19S SORT 30
FCOPV 174 "RJE"ON 24 SPL 362
FOR"AIHT 76 "RJEOUT 40 SPOOK 79

SVSDU"P 162

C-IO.21



----------------------------~------~~~~---------------------------

1/0 PERFORMANCE CONSIDERATIONS APPENDIX 0

--------~---------~----~~~------------------------~---------------

DISC I/O CONSIDERATIONS

All HP7900 f~.ily drive. have a 937.S kb/sec d~t~ transfer
r~t. and all have identi~.l ••ek ti ••• of 5 ms track-tra~k, 25 ms
~v.rag. random .nd 45 .s typic~l t~ll stroke. The 7906 and 7920
aach have 48 sectors/track with a 8.3 •• av.r~g. rotation~l d.l~y.

The 7925 has 64 sectors/tr~ck with an average rot~tional delay ot
11 • 1 as ,

On the average, the HP3000 is cap.bl. of co_pleting about 30
disc transfers per second. If ~ progra. has exclusivQ us. of the
syst•• and is reading sequential .ectors without burfering, ~.

many as 38 transfers per second a.y be ~chi.v.d. A progra.
rando.ly writing sector .ize blocks to a large (11S,OOO .ector)
file might sae a transfer rate on the order of 20-24 transrers per
second. Sw~pping activity .ust be considered since it will use
so•• of the 30 transfars avail.ble each .econd.

When a user reads ~ record, the d~t~ will be returned in
about, .il1i.econd. it the logical record is already In a butfer,~

ffle mOf"i'1'

TER"IHAL 1/0 CONSIDERATIONS

---------~-----------------

Every charact.r passing to or fro. a ter.inal connected to
the 3000 through the ATC (asynchronous ter.in~l controller) causa.
a CPU interrupt. This is true whethe~ the tar.in~l is strapped for
character, line or block mode. This can cause pertoraance probla••
when the aggreg~t. character rate approaches 2000 per second.
While this indic~tes only 8 ter.inal. can ba simultaneously
~ransferring a constant 240 characters per .econd, this i. in fact
vary difficult to ~chieve 'or .or. than one or two seconds at ~

time.
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--------~--~-~---~---~--------~--~-~--~--~~----------------------~

APPENDIX E

-----------~---------------------~-------------------------------~

t. Reduce unnecQss~ry logon•.

2. Allocate often used pr09r~. file ••

3. Keep seg.ent sizes under ~,OOO words.
Are any process st~cks larger than n.cass~ry1

4. Check for fila or d~tabas8 locking conflicts.

5. Will pri~ary paths help database access?
Are their long sort ch~ins?

Art there long synony. ch~ins?

Ara ~ny •••tar data-.ets .or. than SOX filled?
Ara all IMAGE DSeB. a•••a1l as pr~ctic~l?

Use -.- in Image it•• lists whenever possible.

6. On-lina progra. davelop.ant t.~. should use the taxtfile­
••sterfit.' technique to reduce Text and Keep overhead.

7. Maintain sufficient tree di.c spac•.
Is there at least 15~OOO free sectors on the systa. disc?
Is at least 10~ of the tot~l disc space free?

8. Sorts invoked frOG inside programs may run slower because
lass stack space is ~v~ilable for workspace. The st~ck

.~y be laft Much l~rg.r th~n n.cass~ry for the rest of the
progr~. exacution ti.e.

9. Dat~ files with high access r~tQs should ba evenly
distributed over available drives. Progr~. fila. with high
swaps rates should reside on fast drive•.

13. Are too .~ny batch Jobs exacuting concurrently?

14. Do any processes have .ore '11 •• open than nace.sary?

16. Art any program. a.king exc••• ive use 0' DEL edit.?
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