5345
ngineering Nobte Li-440 Pape 1 of ©

Digital Computer Laboratory
Massachusetts Institute of Technology
Combridge 39, Massachusetts \

SUBJECT : WWI Operating Speed

To: liathematics and Applications Group, Systems Group, Block Diagram Group.
Froms R. P. Muyer
Date: December 21, 1951

Abstract: Drawing SA-~50304 (attached) shows much information which
should help programmers calculate the speed of their’
programs, and which should be helpful to programmers and
systems engineers in showing where to concentrate efforts
to increuse over-all computer speed. The drawing will be
breought up %o date from time to time, and the latast issue
should always be used. This note explains now to use
the information on the attached issue.

INTRODUCTION

Sections I, II, and III give a detailed account of WWI
operating speed. Some suggesticns for using this information begin
on page 6. In many cases these suggestions will tell you all you
need to lmow. ‘

Section I. Equations and Symbols (See Section I of SA-50304, attached).

The two equations at the top of the section make use of the
letter symbols 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 excepticns: (1) Restorer pulses ("RPF") arc
not now synchronous and so can ke handled only on an "average" basis;
the actual RP time can be somewhat more or less than 'this average
figure, depending on a number of factors (such as the contents of the
frequency divider at the start of an ES operation, the length of and
spe.cing between, S operations, etco), (Zg J0 times are uncertain
because of continuing modifications in the equipment, operating drift
in the equipment, and the initial condition of, and previous orders
gilven to, the equipment.
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The second equation shows the precise timo required for any
program, with the above-mentioned minor exceptions. Orders which are
repeated in a cycle must bte counted as many times as bthey are perioimed;
orders which are not performed (due to a £p which is inserted to handle
en unllkoly situation) must not be counted; if one or another set of
orders is to be parformed (tased on cp) then the longer time, the
shorter time, or some median value based on the probability of performing
one of the sets, tut not the sum of the orders performed in lLoth sebs,
should be used; orders which do not originelly exist but are  later
generated and performed must be counted. In shorit, count the orders
which will actually be performed in the average (or maximum, or minimum)
run through the program, regurdless of the orders existing in storage.
This equation can also ke used for finding average order time in a
progrem by simply dividing the totel time by H. Actually, "d" is
the only Ab (Arithmetic Llement) time that is not w function of the
individual order teing performed, so that "DA" is the only correctly
defined AE time. Each of the others (such as Mmn) should actually be the
sum of the individual processes performed, or %@ my

i= )

The letter symbtols, in general, should be selfeexplanatory.
The sketch showing restorer pulses represents LFCP (Low Frequency Clock
Pulses )by long upward marks, HFCP (High FCP) by short upwurd merks
"half" of which exactly coincide with LFCP, RP (Restorer Pulses) by
long dovmward marks, LFCP missed (during the RP wait) by high dots, and
HFCP missed (during the RP wait) by low dots., It is assumed that the
LFCP occur at 1 mc end the HFCP at 2 mc., "TIRP" is the time for RP,
or the number of LFCP missed. If no restorers occur at all, RPF=l,

ES RP (the RP which occur at the start of each ES process) are not
included in "RPF" but are treated separately, under LS., Each order group
(Py A, T, H, == F, as defined in the chart in section II) groups

together those orders whose times are defined alike ("T" and "0" could

be grouped together at present, but not if selective write is not used.)

.

The number of LFCP used in. performing an AE operation (or
ES or I0) equals the number of LFCP not used as time pulses, and so
equals the amount of time that must be added to the order tlmeo
"Multiply" has 15 "shifts" plus as meny "adds" as there are "ones” .
(of positive magnitude) in AC at the time mr or rh is ordered. This is
done at 2 mc, end the rounding off requlred is discussed in connection
with the "shift" time. "Divide" is performed by pulses from the
divide pulse distributor which has, at present, & count cycle of 3 LFCP,
The sl pulse occurs on one of these counts and adds to the step counter,
which allows 17 shifts. The 8l does not occur at the end of the count
cycle so the last sl stops the "divide" before the cycle 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 address of the order specifies
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(modulo 31). This is done et 2 mc, but the operation is not “"completed”
until the next LFCP occurs. If O or 1 shift is ordered, then no LFCP
aro lost due to the shift (the 1 HFCP used for the shif% appears

between the two LFCP)o if 2 or 3 shifts ere ordered, thon ono LFCP

is lost, ebtce So the time lost due to the shift is helf tho number of
shif%s, rounded off lc. "Scale factor" has as many shifts (at 1 mc)

as there are zeros (of positive megnitudo) preceding the most significaut
"ono" (vhich may te in AC or ER), not counting the AC sign (which

always has a positive magnitude of zoro). But theso shifts are preceded
by a sensing pulse, vhich may bs taken into consideration by incliuding
tho AC sign digit in counting the zeros. If thero is no "cne", the
process is termlinated vhon the atop counter overflois, which occurs
aftor 33 shif‘cas weking 33 +1 sensing = 34,

The selective write system of opeorating ES affects timo only
in that an ordinary "ES Read" is added preceding every "ES Urite,"
The equation for any progrem is written so that an ES Read is included
on all orders containing an ES Writo if and only if ssloctive write is
used, with the exception that group "O" includes the ES Read regardless
of whether selective write is used. The read (or write) process time
can ba found by adding up the ESC Reset times fram "Read” (or "Write")
to "F" (found on the latost drewings for ESC) as shom. The read
process thus includes the rewrite. But the write process does not
include the previcus read, which is handled separately by use of “SWY,
the seloctive write factor. : ‘

The 10 times are, at this {tims, so much subject to change
that it is hardly worth-while discussing them. It might be pointed
out that a program, or section of a program, with any present I0
orders (indkding 'scope display orders) will sometimes be so short,
compared to the I0 time, that it is not necessary to consider tho other
order ¢imop at alli, or in arny groat detail.

Section II, Individuel Order Times (See Section II of SA=50304, attached).

The numerical values tabulated in the left half of the section
result from using the eguations (in Section I), with the assumpbions
shoim in the remainder of this section. The symbols used are the same
os in Section I except that ESR ic written "R" vhen it obviously rofers
%o ES rather thon en order groupo ' ‘

Tho assumptions were chosen to represent conditions usually
found in WWI theso days, with the following oxcoptions: 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 casc such timo should bo multiplied by (WR+97) end
added to the order timo; likely A timss have boen essumed, but if
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information about the AE time for thoe specific order is availabls it

can be inserted as shown in the column labelled "composition" (noto:

"d" tims can be sssumod not to very with the order). Restorers (5/16)
are nssumed (RPF = 16/11), oxcopt that two columns ere labslled “Ho R.P.®
for convenienco in investigating possible future operation of WWI with-
out restorer wait periods. (Hote that ell colummns assums Sus of ES RP
wvhenever ESR or W occurs). The order might be stored in ES or TS, and
its address may refer to ES or TS; the four possibilities thus g osented
are tabulated in four columns, “TS Only" throuzh "ES Only." For

"ES Only" the ES processes involved are tabulated under "ES Used,"

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

and the total ES times for any of the above four cases is listed under
"ES Times Assumed."”

Section III. Average Order Times in Programs (See Section III of SA-50504,attached)

The numerical values tabulated in the small black box in
the upper right-hand corner of this section result from using the cqua-
tions (in Section 1), with the assumptions of sechion II and with
assumed progrems as shon in tho upper left«hand cormer of this soctiom.
The graphs at the bottom of the pago show the seme rosults, with ond
without RP times, and for a wide range of ES timos. WHote, im particuler
that NO IN-OUT ORDERS ARE INCLUDED 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 progrems written by the Application Study Group (C=62 to
€-104), (2) R-155 (L-1), (3) E-161 by Ordem, (4) R-156 by Adams,

(5) a program writton by John Dodd. (Sce E-267, "Tims Saved by Simul-
taneous Operation of AE and ES.”) Each of the lest four programs comsiot
of two distinct parts, end all the programs listed as "program (1)°
are grouped together as one “pari.” Percenmtages were found for tho
orders in each part separately. The meximum (and minimum) percentages
found, regardless of which part they occurred in, arc taktulated undor
"Max” (end "Min"). The vdlues %abulated under "Med" ere’ approximatoe
weighted median values between max. and min. These three columne aro;

of course, not iormalized to 1C0%. From these values several kinds

of programs werc assumsd: an avorage slow progrem was assumed to have

e minimum use (see "min" column) of P, &, and S ordors (which ere fast
ordérs -- see "ES Only” in Section II), a msdien use of M orders (which
is medium spoed), and & maximum use of othsr orders (which are mlew).
- These velues are tabuleted under "Slow Ave," after having been normalized.
- An averego fast program was essumed in Just the reverse way and is
similarly tabulated under "Fast Ave.". A medium speed program is assumed
to have a medien use of all orders, so the column "Medium® is merely a
normalized version of "Med.” The "Illustrativo Sample Programd shoi
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possible ssquoncos of orders which fit these threo essumad spoceds
fairly clesely., %ho “Slor Limit"” (or “"Fastv Limit") is tho sloiest

{ov fastest) tho compuber can bs medo to oporate under tho givaen

- .vmptions (no in-out, etc.), ard will never be reeched (for ouy
appreciable length of time) in @ progrem without = conscious oi'fcii to
do nothing but reach it., This is because the slow limit results {rcm
continually repeating the order sf WHEN AC PLUS BR EQUALS ZERO, which
mekes very little arithmetic or logical senso, while the fast limit
rosults from continually ropeating sp or cp, vhich also makes very
little sense. If only test storage is used, the slow limit results {rom
‘ropoating ordor dv (which makes vory little senso), while the fast
limit results from using ordors from only groups P, A, T, and O (which
&ro oll tha ordors considered waich do not use AE) end can easily bs
reached in usoeful programs.

These tabulated veluses for assumed programs were thon
insertod in tho ecquation for Aversge Order time (Section I), and tho
results ero tabulated .in the black box. The most imporiant figuro is
the average ordor timv for a medium spoed (or "average”) program which
oxists ontirely in ES, This figuro is emphasized by being placed in
a special black boi.

Values for the graphs at tho bottom of the page 'wero cal-
culated in the same way, oxcopt that no RP wero included (seo bolew),
and ES Road and Write times wore mado varieble. It is assumad that
test storege is not used, but if only TS is used, then this iz oquivae
lont to an ESR and W of zero, which can be found on the greph. Tho
equation for average ordor time can bs rewritten as:

v

Ave. Time = K1+K2 {ESR) + 1{3 (w) |
where cach K is a function of the number of various kinds of orders in
the program, and replaces e number.of symbols in the original equation
in Section I, (For example, X, =[N' + (A'+0*41%D") + (SW)(Tvsrrems)] )
Eech X can bs found by inserting the various assumptions in the original

~squation. The grephs can then be drawn. Thon if RP are sssumed the
ESR and W timo must be changed, but also the value of K, chonges by cn
emount equel to -

T = Dl IS = i s =2 ..—T,E.E-—-——-
K, = L (RPF)-K, KZ(R.:*‘ 1) € \awp _mp)

8o that the ebove equation can be rgaritten as
(Ave Tima vrith RP) = (Ave Tims) + L

Sinco K, is also a function of the number of various kinds of orders,

X, for éach essumod program is listed under each groph ns o valuo to

add to the wvaluo obteinod from the greph.
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- The graph for the mcdlium spoed program is not shown in
Section III, but is shown separctoly on SA-48264-G (attached).
This graph is consiructed in tho same way =2s the others, except that
i, is not merely stated bubt is used to provida an additional menic so .
tHet times with and without RP can be read diroctly (tubt difforcas
valucs of ESR end W must be used with and without ESRP),

All of the ebove graphs aro combined on SA-48265-C (atbached),
tut RP are assumed erd BES times are assumod (but with verieble HG tims)
as in Section II. Those curves thus present the same informeticn as ¥Che
black box in Section III except thaet a wide renge of oxtra HG tims is
showrn., Noto that

it

(Avo. order tims) = (Ave. order timo with HO HG)+K2(HG)+K5(HG)

which can be rewritten as

Timo 1<5+(K2+115) (EG)

or as

Timo = K h{G(HG) |
where K. is the value found under "all ES” in the black box of Section III,
and K, Con be found easily. The curves can then be drawm, placing
no" hf avay from the voertical axis by ESR for convenience, and showing
the "All TS" values also (which are HOT an oxtension of the simple
equetion above ). ' : ’

Suggestions for using this informatioh (54-50304, atvached)o

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

B, Tho average over-all spssd of WNI is given in the special
black box of section III, but this does not includs In-Out order times,

C. Seoo section I for I - O times,
D. For some progrems, the I - O tims alono determines the speed.

£, For many programs, everage over-ell speed plus I - O tinmo is’
sufficlently accurate. ‘
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W Soms propgrams, or sections of prorrams (e.g. those between
1-0 orders), muake little or no use of I+U orders. They can be
-analyzed as follows:

2. If the pregrum time is not criticel the black box {izurss
of Section III should be sufficiont, and indicate the runge of speeds
%o be expected. (Also,sec Homograph below.)

b. If the program time is somowhat critical, or rather criti-
cal in & very long program, the values of Section II should be
-sufficient-~possibly modifioed by information about shift~order address-
es. (Also, see Nomograph below.)

¢. If the program time is quite critical, especielly if it is
sha t, the values of Section II should te modified by the m, 4, s,
and f times found in Section I and applied as shown in saction II under
"composition.” (Remember that RP time can incroase or decreass the
order gime, and is correct only on the average). (Also, see Nomograph
below, :

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

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

eJ. Drastic, or unforeseen, changes in WWI mey require complete
revisicn of all sectiomso

2. Programmors

In eddition to finding the time required for a particular
program (sea "Suggestions, l. General®), a programmer can tell
(usually from Section II) which orders he shculd use o provido the
fastest program when several programming possibilities oexist. TFrom
Section III he can get e feol for the range in average spedd possible
botween "careloss" progremming ond "efficient" programming (total speod
i more important than average speed,but with a fixed emouni; of
gtorege the tiro may be closely related). Ho oan also get e feel for
the number of dv orders, etc., he is likely to have in an average
progranmc ‘J

3¢ Systems bnginoors

In addition to ostimating the times required for performing
cértain kinds of pregrams (sco "Suggestions, l. General®), tho systom
ongineer can estimato (usually from Section III) the cover-all seving
in operating speed that will result from méking.any timing change @n
any order, and thus cen determine hov much offort should bs spsnt in
malding such a chenge (for imstence, it would probably not be worth wh%le
%o change dv). He can also tell what savings would result from reoducing
RP tims, ES time, otc. Section III (Hormalized teble) indicates
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the duty factors of the different groups of orders asnd go can be uszed
to find duty factors for some of the components iIn WWI, and msy thus
indicate the probability of certaln fallures cccurring or tzil..
detected between periods of testing, etc.

Nomograph (SA-50530, attached)

This nomograph presents some of the information of
Section II in a form convenient for finding total prozram time or
average order time. Also, the AW times are presented in full and not
merely assumed. The nomograph can be used by taking a strip of paver
and marking off, end-to-end, the vertical distances taken from the
nomograph for the number of orders of each group. The total length
thus marked off can then je placed egainst the scale to find total
or average btime. A total of 100% rust be marked off to find average
order time, buft any nmumber of orders may be marked orf to find total
program time. The "number of orders" scale and the "total tims" scale
may be multiplied by any convenient vower of ten to handle longer or
shorter programs, :

Signed: ~ 0?-02 ﬁﬂquaﬂv

R, P, Mayer

Approved 4@%)%5}

R, R, Bverett

Drawings Attached:

SA4-50304
SA-48264.G
SA-48265-G
SA-505630



D

Fov Any ovder:
Fer fny Pregran?

TP =Time Pulses = g
HRy NW = Nuwbesw
RPF Restover Pulse Facter = ARE . 16 164, 5 on22- = |

of ES Kena‘g o \Writes

Time = Lre)+ AENITRPET+(ESK)(IK) + (W)(W) +(T0)
(Ih ceunting aviers, couvt wu mbey of crdeys Ervl‘crm(m)

Total anc‘“[‘\(w) +Mm +Dd+(S+ RI&)+ Ff][l(it_[+[£‘k:[f# {(A fO l> M v D)f(;v,’(‘r +F’ {H )!fﬁv}t‘]‘+0 + r +” _J; [I.C]

Oﬂwage Ovder Tivhe = D}f-’j THN J/N)

SW = Selecﬂw \‘/mc Faclov: "l o" -f no'f
ESR =Es Rm‘l (Rcat) fy.;ﬁ;q)+(E< RP)-O-(E:WJ HC’ hmn)

W =ES Wyite: (Wrxft. )+(" u)+< it n " }

1"if SWis ve ’d

[
&
w ;’}Z
~4 iy
Q wie| AVERAGE FIGURE ONLY. AKF=TRP = To=s B s A<
Al RN A NN RN AN a.-~:-=-=-=.l.J,.L.J_l.sz'5ﬁ:"£:: Read Precess (’“"“‘*“ Rewnifo)e BLC Reselss (Paad +Av0 + VR
< .- L | T p =
% —g:.:-‘ k ARF —~TRF— "e Write Bocess (”n previevs Re 84) ESC Resels: (\-/.,,'h +D,+ --'F) t"-{
- .:l? H=Nunber of ovders in program, N =Numrver of cvdavys stared 1n ES, ES RP = Sps ’
e é : PATHOMDS RF =Nunber of ovders frew specdicd grap.(52¢ cta”belomy — Extva G Time =Easily adivaTable from 0 to 100ys or mere |
) 2 o a KT/ H0 MDF = Numbey of orders ( " Wwith £S adavesses. | I0 = In Out time (Sec each order) =
@ Q'.c AE = Ar.thmotic Element Time (Sec each ovder.) B cvders: [HW=-(time for erders since qd ov qF )2 155 only if positine] 'z
:t: > .:223; = Multiply Tine ..[154-(*‘ of pontive™|” e in A( befcre M oan)]“/ HW="H" Wait _D wledeek time ~(++VJ+ESP) [5(2 60_] 452, ~L
E Qw3 vounded of f low TE{m g Camera 1220 millisecends. 2
SN tz %] d=Divide Time = [(eovat cycle)fst oF ;!] |)+?_] [(3‘(!7 \ +Z] 50 Reader, Punch, Flaxo: (|4omM.sec)-t—(ﬂnnwrriev Machine Furction” timd] &
] 3
W > -Ag }) s =5h, ft Time = mddyg‘i’ (malulo Slﬂ)‘} ,megJ off low. © $sLI8 PETR: {First qr: ('.5&:, if more than 30. sec since gz) ]
L‘f; 3 \.‘1;\ £ = scale Factor Timen [31 o pesitive Y07 (inelvding signs), in AC & BR, PLUS(7O M'“-Sts fey nch of blank TBPC') P
~ preceding most signficavt “I"]. \CF 31 OR: £ 34if ACHER=0 Ciher qr: 7 millicee, ‘J 2
: ]| | x15h=1,454 e
A ; L e ’ L. nergid 1S X /14418
TIAE  FoR INDIVIDUAL ORUEKRS WITH  CERTAIN  ASSVIMPTIONS 3500 35A
RIER [oroERS | F5 INO 0‘3‘,‘;’ Te onufiftd ESEroexToles onnllconrosition ES Tinks ASSUmeilt J AE Tumic poibu:D:
P cp sp R ) || & 29.61 11,6 29,6\ [FrcTP Tinr Rz REpL -+ RP 1 AL wnr.’ v 5:’{""1;’
0w - 7 . ST wWhkNE + RE Vlrrcesss JHo F 6 kb
A feassadsdrr | 8 ] W6l 29.6] 23.6 476 |[Breic AT w (uer wcsvpiee. )|
W T Ts H fa |l . ) ’ , A we 38 g‘l L’; 177,‘1/‘
UEJ HEES 9k 19 qf YRRW B.| 1.6 23.6) 67.61 95.6 [jpeue T TinE | A 4 | Eg |
47 o |30 qe ‘ ll\‘l f & (s
. S W[ wh Ak | 20 | 29| 471 |a71] el farevmin | K718
oy A o D |dv RR 58| 34.4]102.4|l0p. 4| 1204 |l Tive ¢ d || ;_ OThih  AGLUMETIZNG .
= - - RW = 56 —————
= > ‘::“1 |5 Isl sr R 12§ 174 354 | 1744 354|p1ime + s Ting ; ° NO To TinME,
vHe S RG] a7 9P 95 : v [ Rbw=7 5 & NEE
w bl F Sf RR ' 16 23.3 4” 13 79.-‘) 97.3 T e + f Tive !?‘0 Exith hé 1““)' USEDL VNLESS
1{seLte 3P §17:8% CTHERWISE,
. : ] AV; (X< 1
PERCENTAGES OF ORDEIFS USED IN PROGKANS, TLLvs H«ﬂ{v‘ SAMPLE PROOGP 0 #OER Tl/.x_f_ :
: . As'—w-rb AE Tiatnl
VALUES TARKEM FRIM SSUMLD  KINDS BfF FASY AVE, NG th~ovT
ORDER [veraL sukyry, PROOGY Rie g, HCBMALIZED GULECTIVE write,
R NOY NCRMALIT ED TowWlsSLow “TFreT] EAST a 5 REAL ¥
“ CROUP  IEmes [mirr] loowy et [roomn) BAET 100 S0 —;Sé” VNS
= P 141 g V[ Tn 01 9| 77 i3.2] 70 cpl {ian & bana e, § o~
< A To1 46130 | 153012431 5.6l 47 mrl (1P O e )
o T 40l 26 | J4 12 6T 377 251 13.2 3 shl jsva” With Seip RLE 4
) 0 V7T & AR S 7] adfyrr TROG,ALL]ALL e
3 = ENANE SV Ci1av2, 14,50 I4he| ¢ HA RN sPeru|TS{ES o
R D 2, |1 o |iive) 9’ 1.0 o 3 mri f2%s” S.ummE+:HI3E o
o, s (0 N AR 6 o EAizETE sl v siow|is.6) 2.l #)de
E 0.3 o looy, .2, 5] o | 7| ad ’ MERIH 153 TC05 ] 5
= TOTAL [174][103.5] 45 ToC| 83,21 1606.011c0.i| 106 ts Easi | 14 P -\_,:1
= - e 11:4] 235) 135
‘,::3 wwi  JULY 128} OP\DER TIMES vs. ES TIMES e PROGRAMS 0F VARI6US SPEEDS
5 WITH § NO 1N-CUT  ORVERS NO Vsi OF TEaT STGRAGE, SELECTIVE  wWRITE srsrt:MJ ASTULED AL TiMES
b~ (r.s REAP ok WHIIE TINE [E‘s REAS e writed PRACESS] +[ES RP] f[AnDnlMJl.l nc, 7!*\&]. ES WRITE mMusT NOY WILUDE REAL.)
A 3 w“'" TVES - st €5 wEiTE TIMES T ES WRiTE TiMES
i u t‘ 0'\ 0 —-"."ALL wenf c
/////'/ TimES - v o
(:{ 26q // )
& —~ 280 AN :
Q g vav4avd
XN & s 4 :
) d o ( 19¢ // // '
- Ly “ o S WAL ’
IR |
= Fz 3 mf/» : :
FHE < =& s n
5 L\j ?&w wﬁéh*‘ v ;
" <« L T '
<OEEY et
> X 20 : t
<o = o -
ANO 70 46 60 S0 o 120 130 0 0 a4 60 90 oo k2o fho O 20 4 &> fu so¢ 120 IS
L ES READ TIME N A5 ES REAZ TUHAE (N ps Es FLAL TIME 1 ps
le.’n e wr: app 36 To ¥rer v, SLOW AVERAGE FAST  AVERAGE
Aop 19,1 1¢ SF, (wn-n 46 RP: ADL .9 Goarn 5fe RP: My ok, (,\)
Aro zi4 vo Ty,
SEE  SA-48264-G Fok MeEDIvm SPELD.
SEE SHh-43745~6G For CHRLER Tinmis Vo, HG TINF (r:k VAR DU :tﬁ'.:.‘.-:;,
TE SA=-50530 Fok  Nopee (,}-uPN Foeh AV & TCTAL TitEs Fek CHDELS,
SEL  NeTE  E~44a4(, Fole Discussiod,



KECUFFEL & ESSER CO.
fth Hies sepented,

MELE 1N UL 5. A,

J99T-12G

19 X 10 to the 14 inch,

lia~r

A

c

*S_RH

1500 BEASY DRORE SRNEE SIS B i S0 FASE T s T . Pl
: s B L ' X DUl O o
1 ot : S RS I : s e

S R : .ﬂm”rvuu..‘.mfc:” R . AEET DR DS

; > ; [ RRDEY PR G Saivay B daaney " TR

e b cleEgp ik REEESET SRERE DESNS & RN
INESS BERES PN RN LY 1 RR TR M O DO L Vi o=
(R0 BRNEY RDNIE SR SRR REERN Y ¥ B o RN, REASTIR VIR s o i B I
R EURES ERERE NRERS B II&HJE,R?%HmW& B SR ET . f of 2
IR0 EEREY ENEES BURE R o F el g SRR TR B = : o 3
T T ; = i Y L i S50 pu T = T
ISUSUSUREE PREN SRRSY ISF . Oy el o~ T SEE] EERES FUURY ERESY BN : I SEEEE ERESEBESN
Pl S H AT L O I S et E R e R EEa
/ ORI IR EHEE By MOuruﬁ. [RERE SRFRY FEERE EEEES B! . [ S0 FOREE TR
NG e vl .E.._an..mnuu SR EE I v _ : 1o i
NN L ool LTI R e e L REEES EEN =1 %
/,N/// ol = W.,S;.JUE‘HLN DR o w e
NN =0 S 71 O O AT EER FEx EEE Bt M N
N f . . - R I <E. TZZE AN ) o Wrm . .m Lo M md.

NN SIS YN T = 1.5 SRR EESRR A B =
/////”/r e m-m«.m el . N q

CNSORNORN N~ PR R o B o o B i - el S
////rl//fr _@@r s MDLEW S A - wm..:wﬂ Q-
XY N T M..._ : G o~

” ONCINONNC N ~ | S e FEERS FINSS EFENE B N
”/ﬂ//,J// /M,\l..y ..... i.W o SRS EADY ”:/.\ 50 ESES SRR SO SUATE S Ll

N N AN - s - ~ o o
/////r ///., \ /hwfw . o s \Hrn.r 27 5] &
NN N = H it

- =T It
. , <
&

LA~ 2
>

i
(£

1 § $KE S %0 1 6 0 Y i
i
140

41

b

1}

i . 3 '
Rl Rl BENR LA ) s g |

S, '_/niffle:-ru’*rr{e Yiﬁtff Rot int‘_.lv:};:“ps i

717

<

b

Sy
// / P
//’//l

Tk

-
N
-
N

. {Es|Read Tibse JAUSIT iweludd R

pa

O

pd

A

A

V4

P
. el

PEAZ

-y

S REARDRE =(ES Feal Proctss)

7 r
/A//'_'/. s
7
7
i
AE

©ES WRITE TIRE (" Writd

7
yd
(4 0]

Tap |

335:;'3

//
oy /i/://. JA
/.,‘r////'

-

e

.

A/

%

e

Cp

B I
CSTOR. |

li%

o T8 2

1=~ 7

14 .

14t

j2
A

i 111 snewe pe
SR

TR

2z 4
ol
N
-+ 256
Il
gl
T ey
_.23
25
&L

PEQ-
pso-
24

T T 1
Je g8 1el R
MH 1) iR

W
b~

e

aruac

ot €38
O

A«

B0 s B

IS

s}
-opIod
0
o
Iro=
16¢
g
el
30
izp-
1o~

~ , ........ w ......

&

SA~HG2 64 =G -],

R P e R e e w&.ﬁw 1 (g * e usy S Eo Ry ) T g Y3 IR 39 IIAY

S SENEN SRS SEREN BSa! ‘__,.ﬂr“ Y FEEES EANEN N FRES NERRS B




359T-12G KLUFFZL & £SSER CO.
10 X 1U to the 14 inch, 3th lines necented.
NALD UL 6L AL

SA-43265-6-2

B ULy | o5

TMES ik MG TIMES
GRS on VARLOUS. SPEEDS
MO V-OUT | ORBERS | [
‘NO USE EOFEﬂ'EisTZ"_ﬂ'DR i

j o Bl ol ot i 58 AndiBh 450 3.5 0é milll o LT od o8 534
PPSRY RL PN I B E RN 4 I TAVE | ;

{ ) ==
Bps =(E3: KEAD FROCESSH(ES D
(3B WHTE TROCESS) H(ES R
07 NIV L'lvvlj Vf{o. i'-y_s, t‘f*f‘.,»'

f%E.?ffAE;FMéS 2 R SRR
5 do

s

i

+
B I

LR FRO Bilasp-

SA-4+9265~6-2




. A
« Y ~
—_— ]
~ VW u
w 8 FAsT MEDILTY 1.|Mﬂ 2 ¢
RN PROG. PREG, A s
S - =% .n.m?, qO N MW
. <Q
\® G ® O | gdk T @ (L )
S Ty
N S P N g blex A T
o . 60 -0
. ]
— hm s
— T ——
- ~|4l|_o - Wl! . T :??l..[!»l.l...’l, .. B e o
oz e
I e ——
. = o
T
=
=
2—2 e
. H :
- — ~
] | T
o
~ —
wtllwuﬁ 0
Sy
_
~. I
4
),.» 1/.,
m\%o/,
T R .. =
tre b rsy b i, N, N
02 46 K ML ITNT LN N . ~ s
V35790 s 7 19227295 . : ~ -1 ~
S e
Address . HWH
- o
Pyt T
024 g it .
L3 2721001005 /
Assume: : 3= of positivg - RN
Le N=¢0T 2 ey, 1" in AL IT
Selietive wiite, 8 i 8
190s Feod ¢ b1 — N
Ies Wrte 4§ b + AN
liz Lvtyy HG oo, -~
wﬁ:. ; 9 T
o Yol sfassqge, Iu‘l. a0
e e e e g s |1
Examoles: -
L 67 Am\ﬁovoc* oviv, o take Z2ms, =
2. IF 677 of orders are (- Greug, they 1o Hﬁ 80 - .
will comh buie NO\& e Twe, order tome, 1 ~.
~. - " // N . .
3. QT®-,.;. orders +ern 29, M\Cn. dmnt _hbrmnv |“MHHI , //,, .
- . N
4 0der sl 14 (@ with adivess 19) Fakes - , S S /
Avo\.\u ﬁha.a o6 .N,,v 1] _-0 —_— s . . e - . .. ...v.,,,. Amo
SO W HIE® 12D + 13D =3.6 ms. =
(Som the lenidpg of I, l.h.v , . R
6. If pregram has ; 2 120 - ok
2073 .6 R o= N
R ¥30% @) £ 24 50D 4 26 @) tees, T . oo
then A, evdee T, e = th\cu. J _- . R
QC,S the _p;s:,w.w rﬂ Nm,s\a Qm\\ n.*nv m .
B3 — e
§ 0@e € O + AN
) : Wl gy = R1eo
ts. ! i Ex. _:...M;_u:f _____. _”___;._.__.__.___.__ !
-3 __ ﬂ..ulll...mu‘no\..m‘ < | H | / . o e o5 o wn.”.: 3z
| BNt ; .-
S s B EAS , : . . I . . . E
_ 1to “ 144 TN peavire el s i AC Y FR Qslcm..ﬁwucw\_w
X ..:,“ . preceding mest Somfies g Ny i .

JRS §

Tirae s

TJolAi-

4
&

"

AVE,

;

1+ Mov,

[ YR

NOMp GRAPH FOF



