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Dizital Computer Lakoratory
Massochusetts Institutz of Technology
Camtridge 59, lMussachusetts

SUbJLCT:  WWI Operating Speed

: g To: liathematics and Applications Group, Systems Group, Dlocic Diagram Groupe.
From: R. P. Mayer
- Date: December 21, 1951

ibstract: Drawing SA-50304 (attached) shows much inform:tion which
snould help progsrammers calculate the speced of their
programs, and which should be helpful to programmers nnd
systems engineers in showing where to concentrate efforts
Yo increase over-ull computer speed, The drawing will Lo,
brought up to duate from time to time, and the latest iscue
should elways be used. TI'his note expluins now %o use
the information on tho attached issue.

INTRODUCT ION

Sections I, II, and III give a detailed account of WWI
operating speed. Some sugresticns for using this inf'ormation begin
on puge 6. In many cases these suggestions will tell you all you
noed to know.

Section I. Equations and Symbols (See Section I of SA-30304, attuched).

L

The two equations at the top of the section make use oi tho
letter symtols defined in the remainder of the section.

The first equation shows the precise time required for any

- order, from time pulse 3 to time pulse 3 (or, speaking very generally,
for any full time-pulse cycle, even with any future conditions), with
the two following minor exceptions: (1) Restorer pulses ("RPF") arc
not now synchronous and so can te handled only on an "average" basis;
the actual RP time cun te somewhat more or less than this average
figure, dependinz on a number of factors (such as ihc contents of the
frequency divider at the start of an ES operation, the length of and
spucing tetween, LS operations, etc.), (2), IO times are uncertain
tecause of continuing modifications in the equipment, operating drift
in the equipment, &nd the initial condition of, and previous orders
given to, the equipment.
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i Tha second equation shows the precise time required for gy
kY prosramy, wita the atove-mentionzd rinor excopticns. Urdors whicl e
I reprated in a cyele wust te counted a3 many Limes es thoy are pariovmod;
crdors which are not performed (duc to & cp which ls inscrited to 'lhdlC
en unlikely situatioa) :must not be counted; if one or another cet of
orders is to be psrformed (btased on cp) then the longer “ime, the
shorter time, or soms median valuc lased on the probatils t; of performing

_ cne of the sets, lut not tho sum of the orders pnrformcd in toth sets,

P should be used; orders which do not originally exist tut are leter
generated and perforaed must te counteds In short, couni the orders
vhich will actually be performed in the average (or maximum, or minirum)
run tarough the program, regardless of the orders existing in storage.
This equation can also te used for finding average order time in o
prozram by simply dividing the total time ty N. Actually, "d" is
the only Ab (Aritamstic Llement) time that is not v funciion of tre
individual order teing performed, cso that "Dd" is the only correctly
cefined AE time. Bach of the others (such as Mm) should actually be the

sum of the individual processes norformed, or EE m: )
i1 14'
The letter symbtols, in general, should be sel{wexplenatory.
The sketch showinz restorer pulses ropresents CP (Low Frequency Clcck

Pulses )by long upward marks, HFCP (High FCP) by short upward marke
"half" of which exactly coincids with LFCP, RP (Restorer Pulses) Ly

long downward marks, LFCP missed (curing the RP wait) Yt high dots, end
HFCP missed (during the RP wait) ty low dots., It is assumed that the
LFCP occur at 1 mc amd the HFCP a%t 2 mce "TRP" is the time for RP,

or the number of LIKCP missed. If no restorers occur at ull, RPF=i.,

BES RP (the RP which occur at the stert of each LS procenn) are not
included in "RPF" tut are treuted ceparately, under LS, kLach order group
(Py A, Ty, H, == I, as definod in the chart in section I1) groups
t.iogether those orders whose times are defined alike ("T" and "O" could
be srouped together at present, but not if selective write is not used.)

The numter of LFCP used in performing an AE operation (o
“S or I0) equals the numter of LFCP not used as time pulses, and so
equitlls the amount of time that must bLe addod to the order time.

. "Multiply" has 15 "shifts" plus us meny "adds" as there are "ones”

(of positive magnitude) in AC at the time mr or mh is ordered. Tnis is
done at 2 Jmcs end the rounding off required is discussed in connection
with the "shift" time. "Divide" is performed by pulses from the
divide pulse distributor which has, at present, a count cycle of & LFCP.
The sl pulse occurs on one of these counts and adds to the step counter,
which allows 17 shifts. The sl does not occur at the end of the count
cycle so the last sl stops the "divide" before the cyclo is completed.
Thus only 17-1 full count cycles occur « The lst, partial cycle uses
2 LFCP which must be included in the "divide" time, "Shift" (right or
Left) has as many "shifts" as the uddress of the order snecifics
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(modulo 31). This is done at 2 mc, but the operaticn is not "complotod”
until the next LFCP occurs. If O or 1 shift is ordored, then no LPCP
are lost due to the shilt (the 1 HFCP used for the shift appoars

between the two LFCP). If 2 or 3 shifts ere ordered, thon one LFC?

is lost, etc. So the time lost duc to the shift is half tho number of
shifts, rounded off low. "Scale factor" has as many shifts (at 1 mc)

es there are zeros(or positive magnitude) preceding the nost significant
"one" (which may be in AC or ER), not counting the AC sign (which

elways has a positive magnitude of zero). But these shif'ts are preceded
by & sensing pulse, wh ich may bo taken into consideration by including
the AC sign digit in counting the zeros. If there is no "one", the
process is terminated when the atep counter overflows, which occurs
after 33 shifts; making 33 +1sensing = 34,

The selectivo write system of operating ES affects time only
in that an ordinary "IS Read" is added preceding every "ES Write."
The equation for any program is written so that an IS Read jis included
on all orders containing an ES Write if and only if sslective write is
used, with the oxception that group "O" includes the ES Read regardless
of whether selective write is used. The read (or write) process time
can be found by adding up the ESC Regset times fram "Read” (or "™Write")
to "F" (found on the latest drewings for ESC) as shown. The read
process thus includes the rewrlite. But the write process does not
include the previous read, which is handled separately by use of "SW",
the selective write factor.

The IO times are, at this time, so much subject to change
that it is hardly worth-while discussing them. It might be pointed
out that a program, or section of & program, with eny prosent IO
orders (indeding 'scope display orders) will sometimes be so short,
compared to the I0 time, that it is not necessary to consider the other
order times at al., 0 i any groat detail.

Section II. Individuel Order Times (See Section II of S5i-50304, attached).

The numericel values tabulated in the lef't half of the section
result from using the equations (in Section I), with the assumptions
shown in the remainder of this section. The symbols used are the same
es in Section I except that ESR is writtem "R" when it obviously refers
to ES rather than an order group.

The assumptions were chosen to represent conditions usually
found in WWI these days, with the following exceptions: IO time is
not included but should be handled separately (see discussion of
Section I); no extra HG time is assumed although it may occasionally be
used, in which case such time should be multiplied by (NR+NW) and
added to the order time; likely AK times have been assumed, but if
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§ information ebout the AE time for the specific order is availebls it
i_ can be inserted os shown in the column labelled "compocition” (ro%e:

! "d" time can be assumed not to ~nry with the order). Restorers (5/1€)
are assumed (RPF = 16/11), oxcep: that two columns are labelled "llo R.P."
for convenience in inveostigeting possible future operation of WWI with-
out restorer wait periods. (Note that &ll columns essume Sus of LS RP
whenever ESR or W occurs). The order might be stored in ES or T3, and

= 2 its address may refer to ES or T5; the four possibilities thus pr osertec
4 are tabulated ia four columms, "TS Only" through "ES Only." For

"ES Only" the ES procasses involved are tatulated under "ES Used,"

(the first R is for the order, and the remainder is for the addreas)

and the total k3 times for any of the sbove four cases is listed under

"ES Times Assumed.”

Section IIl. Average Order Timos in Programs (Seo Section III of SA-50304,attached)

The numerical values tabulated in the small black tox in
the upper right-hand corner of this section result from using the equa=-
tions (in Section I), with the ascumptions of section II and with
assumed programs as shown in the upper left-hand corner of this soction.
The graphs at the bottom of the page show the same results, with and
without RP times, and for a wide range of ES times. Note, in particular
that NO IN-OUT ORDERS ARE IMCLUDED in this section.

The values for assumed programs tabulated in "Percentages of
orders used in programs” were obtained by counting orders performed
(as discussed under Section I) in the following actual programs:
(1) Selected programs written by the Application Study Group (C-62 to
€.104), (2) R-155 (L-1), (3) E-161 by Orden, (4) R-156 vy Adams,
(56) a program written by John Dodd. (See E=-267, "Time Saved by Simule
taneous Operation of AE and ES.") Each of the last four programs consist
of two distinct parts, and all the programs listed as "program (1)"
are grouped to;ether as one “part.” Porcentages were found for the
orders in each part separateoly. The maximuma?and minimum) percentages
found, regerdless of which part they occurred in, are tatulated under
"Max" (end "Min"). Tho values tabulated under "Med" are approximate
= weighted median values between max. and min. These three columns are,
of course, not 'ormalized to 100, From these values several kinds
of programs wero assumed: an average slow program was assumsd to have
2 minimum veo (see "min" column) of P, A, and S orders (which are fast
orders -- see "ES Only" in Section II), a median use of M orders (which
is medium speed), and a maximum use of other orders (which are »low).
These values aro tabulated under "Slow Ave.,” after having been normalized.
An average fast program was assumed in just the reverse way and is
similarly tabulated under "Fast Ave.". A medium speed program is assumed
to have a median use of all orders, so the column "Medium" is merely e
normalized version of "Med." The "Illustrative Sample Program shoi
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possible sequences of orders which fit these throe essumsd epeods
fairly cleaely. The "Slow Limit" (or "Fast Limit") is %the slowost

E (-~ fastest) the computor cen Le made to operate urder the give

aptions (no ia-out, etc.), and will never be reached (for :

sppreciable length of time) in a program without & conscious ofic: to
do nothing but reach it. This is btecnuse the slow limit results {rom
continually repeating the order sf #HZN AC PLUS BR EqUALS ZERC, which
makes very little arithmetic or Togical sense, while the fast limit

k2 results from continually repeating sp or cp, which also makes very

3 little sense. If only test storafe is used, the slow limit results from
repsating order dv (which makes very little aenae), whi’ -6 the fast
limit results from using orders from only groups P, A, 7, and O (which
are all the orders considered which do not use AE) and ocan easil’ t»o
reached in useful programs.

These tabulated values for assumed programs wero thon
inserted in the equation for Average Order time (Section I), and ths
results are tabulated ia the blactk box. The most Iimportant figure is
the average order time for a medium speed (or "average") program which
exists entirely in ES. This figure is emphasized by being placec in
a special tlack box.

Values for the graphs at the bottom of the page were cal-
culated in the same way, except that no RP were included (see below),
and ES Read and Write times were made variable. It is assumed that
test storage is not used; but if omly TS is used, then this is equiva-
lent to an ESR and W of zero, which can be found on the graph. The
equation for average order time oan bs rewritten as:

Ave., Tire = K1+Kz (ESR) + K3 (w)

where oach K is & function of the number of various kinda of orders in
the program, and replaces & nunbeur~of symbols in the original equation
in Section I, (For example, K, = N' + (A'40'4M%D") + W)(T'+P'+“'l] )
Eech K can be found by insertirg the various asaumptlons in the original
equation. The grephs can then be drawn. Then if RP aro assumed the

ESR and W time must be changed, bubt also the value of E, changes by an

= amount equal to
= PF)- - = TR
K, = K, (RPF).K, JL‘R... l) K (a, n)

30 that the above equation can be rewritten as

(Ave Time with RP) = (Ave Time) + Ko

aince is also e function of the number of various kinds of orders,

for 3ach assumed program is listed under each graph as a value to
aﬁc to the value obteined from the greph.
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The graph for the medium speed program is not ghown in
Soction I1I, but is shown separately on SA-48264-GC (attached).
This graph is constructed in the same way as the others, exccpt *.at
., i not merely stated but is used to provide an additional =c... . s0
that times with and without RP can be read directly (but differe.::
values of ESR and W must be used with and without ESRP).

A1l of the above graphs are combined om SA-48265-G (attached),
but RP are assumed end ES times are assumed (but with variable HG time)
as in Section II. These curves thus present the same informatiun as the
black box in Section III except that a wide rangs of extra HG time is
shown. Note that

i

(Ave. order time) = (Ave. order time with NO HB)+K2(HG)+K3(HG)
which can be rewritten as

Time

K5+(12+15) (HG)
or as

Time

Ky +Kg (HG)

where K, is tho value found under "all LS" in the black box of Section III,

and K, can be found easily. The curves oan then be drawn, placing

no" u away from the vertical exis by ESR Zcr conveniesnce, and showing
the "All TS" values also (which are NCT an extemsion of the simple
equetion above).

Suggestions for using this information (SA-50304, attached).

1. General

A. Consult the latest issue of the drawing (not attachod).

B. The average over-all speed of WNI is given in the special
tlack box of section III, but this doos not include In-Out order times.

C. Sea section I for I - O times.
D. For some programs, the I - O time alone determines the speed.

E For many programs, average over-all speed plus I - O time is
sufficlently accurate.
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F. Some programs, or sections of prqjrams (¢.;. those tecween
1-0 orders), muke little or no use of I-U ordsrs. They cun be

analyzed as follows:

4. If the progrum time is not critical the black box fisures
of Section III should be sufficient, and indicate the runge of -peeds
to be expected. (Also,see Nomograph telow.)

b. If the program time is somewhat critical, or rather criti-
cal in a very long prozram, the values of Section II should ts
sufficient.-possitly modified by information atout shift-order address-
es. (Also, see Nomograph below.)

¢. If the program time is quite critical, especially if it is
sha t;, the values of Section 1I should te modified bty the m, d, s,
and f times found in Section I and applied as shown in secticn II under
"composition." (Remember that RP time can increase or decreasc the
order gime, and is correct only on the average). (Aleo, see Nomograph
below. ““

G. If 4G time is to be added, add it to every use of ES
(see Section II under "ES used"), or see SA-48265-G (atteched).

H. If any changes in timing or organization of WWI occur, refer
to Section I.

J. Urastic, or unforeseen, changes in WWI may require complete
revision of all sections.

20 Programmors

In eddition to finding the time required for a particular
program (see "Suggestions, 1. Generel"), a programmer can tell
{usually from Section II) which orders he should use to provide the
fastest program when several programming possibilities exist. From
Section III he can get a feel for the range in average speed possible
between "careless" progremming and "efficient” programming (total speed
is more important than average speod,but with a fixed amount of
storage the two may be closely related). He can also get a feel for
the number of dv orders, etc., he is likely to have ia an average
program. W

3. Systems Engineers

In addition to estimating the times required for performing
certain kinds of programs (see "Suggestions, l. General”), the system
engineer can estimate (usually from Section III) the over-all saving
in operating epeed that will result from making eny timing change in
any order, and thus can determine how much effort shculd be spent in
making such a change (for instance, it would probably nct be worth while
to change dv). He can also tell what savings would result from reducing
RP time, ES time, etc. Section III (Normalized table) indicateg
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Lre duty frctors of the different gzroups of ordere 2nd sa ~2an be uced
to find duty factors for some of the componeats in WWI, an’ = thus
indicate the nrobabllity of certain faillures coccurrlag or

detected between periods of teeting, etc.

Nomograoh (354-50520, attached)

This nomograph presonts some of the information of
Section 1I in = form convenient for finding total program timo or
averaze order time. Also, the AN times are praosented in full and not
merely assumed. The nomograph can be used by taklng a strin oi paver
and marking off, end-to-end, the vertical distances taken :'rom the
nomograph for the mumber of orders of each groun. The total Lensth
thus marked off can then ’e placed against the scale to find total
or average time. A total of 100% must be marked off to find nverage
order time, but any number of orders may be marked oif to find toteal
program time The "number of orders" scale and the "total tine" scale
may be multiplied by any conven!ent oower of ten to hnndle loncer cr
shorter orograms.

Signed: (R 6) M}h—_

R. P. Mayer

R, R. Everett

Drewings Attachad:

SA-50304
SA-48264-G
SA-48265-G
SA-50530
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