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MARK I 

SECTION I 

COMPUTER CHARACTERISTICS 

1-1. O~NEftA:L.,The Mark I comp~ter (figure 1-1), operate. accorclln; to a 
written program stored on a magnetic drum. Tbe instructions conStitutlng a 
~ypical flight simulator'program ar,e' stored on the tirulX\,;us'lng a paper tape reader 
a.nd drum loader, in;the order inwhicbthey,p-e to be performed. In tbis way, dur
blgthe operation Of ,the computer, the,se instructions are read and perforzned in 
the order in which they were wl'itten wlthoutwaitlng and without the necessity of ' 
addressing the location of the next lnstruction. ' ' 

, ' ' 

1-2. If an instruction is readlndicatln1 an arithmetic operation, this operation is 
performed in the maina,rlthix)etlc:unit. This unit cQntalns the registers and logic 
circuit;ry for pe,rforminga\larlthmetlc tJperatioI)s. Similarly, il1structions indi
cating BoOleanoperatlons are performed in the Boolean arithmetic unit. The 
source of, all nUmerical and Boolean data words for'these operations is the main 
core memory,afasi, random .. access 'storage unit that serves as, the working 
memory of the ~ark I. ' 

, .... .'. . . , . 

1~3.,The Mark,I,a1801nc~ude8a 18,384 word 11neat lnterpolatorthat operatesln,,' 
parallel with the malnprogr~ to generate in.tantalieO~.values of the many . 
complex' functions encountered in aircraft flight .nd enginecomputat10n.. These 
funetlOnl are con~tantly betngcalculated, recalculated, and stored 1n preassigned 
memory 10cat10ns in the ma1n core memory for use by thema1n. program. ' Slnce 
tbis is a parallel operat,lon, thare1s no time lost lnthemain program calculat1ng 
.these quantities.' . , , 

" ' 

1-4 •. !nthe Mark Ilnputsystem, analog and Boolean lnputsfrom the outside 
world (l.e., simulator controls) are written mto preassigned core' memory loca
tlons, where .. they maybe used by the malnprogram. The output system reads 
calculated analog and Boolean data out of core memory to activate simulator. equip
m.nt. ';rhese systems allo operate in parallel w1th the main program, eliminat1ng 
the need.for program·tlme to ach1eve.operations •. 

1.8. Also operating 1np81'allelw1th the main program 1~ a rad10 pre-
selection unlt~ Th1a un1t compar.s the 10cat10n of the aircraft and the frequency 
to whlch:eacboflt. I',c.elver.l,tunedw,lt,hthe locatlOft'andfr"'lency ofS50 
poe.lbla radlo,t:r .. m.lttlr.~ .. 1t~~'D\ .electl the :be.tposl1bletransmltter, U . . 
an),. that ~.~h .rec.lv.r' .bO\Jldbe:p~clct.l1l,llp,·lIld stor'" n\l~e;rlcaldata con- " 
qernlnl thl .elected ·t:tan.mltt.r'lnpr'lI~lBl\edco:r •. :memof:)' loeat10na for us •. · . 
by the malo prograDl. 81n~e, tbl.1"a.parallel .. operatlon, there ,1. lIa1n no Ume 
taken up in them.,inprogram. ,"; .. ... , ' ,,," 

. '''I 

i-8. 'lg~re 1-2 18 a .i~plUied blockcllqram of the varioul processes 
within the Mark 1. . 

1-1' 

-g 
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MARK I 

1-7. MAIN ARITHMETIC UNIT. 

1-8. Oeneral~ The Ill_ln arithmetlc ullitacts as the operating center of ~e " 
cQmputer ... 1;bll llnit con8ist8ofa24~bitaceumulator forholdlng the numerical ," 
results 'Ofartthineticoperatlons,all of thenecessaryloglc circuitry for perform- " 

, ing' arithmetic C)peratlonsand transferrlng numerlcaJ.data,· and a salvage reglster , 
whiCb 'salVage'.the old 'contents of the, ,~cu~\1l~tor w~en. a new w~rd ~s ,lQa&.rd 
into it. 

1-9.' Orjanization. AU numeticiuoperation81nthe malnarithmetlc unit are of 
the fixea..polnt, binary form. ,All numbers handled by the main arithmetic unlt, 
eitheras'inptits to or resultsofarlthmeUc operations, are 1n the form of an 
absolute value and a sign. Sign processes'are performed in allarlthmetic opera
tions ~diignsflfei,preserved in the re~u~ts~.,l\ll number words are 24 b,it., in 
'length, the .flr,t~.~ being the, ~ebralc sign and the remaining 2S bits' being the 

. 'absolute". value pf the binary number. ' 

l;'io~lf the signbit ls a zero, 'the number is positive; if it is a one, the number i's 
negative. A typical numerical word in the Mark lis shown ln figure l-S. 

.. 

O· 0 ! I 0 ,I 0 .1 0 I 0 I 0 I 0 I 0 I 0 I 0 ,I 0 I 0 

fl. v J 

SIGN Blr.(+ ) '23 MAGNITUDE BITS 

Figure 1-S. Typical 24 .. Bit Arithmetic Wor,d 

1~11~In fixed-point arithmetic, the binary point is assumed' to' be totheieftot the 
inost s1gniticantbit(MSB); the'refore, the magnitude of t~e number is always less 
than 1~0. Thatis.1f,the binary point is to the left of the MBB, then the largest' . 
magnitude that may,be represented is .9999 ..... in decimal notation or .1111 ..... 
in binary notation. All numbers handled by the Mark I must be scaled with the ' 
fixed point notation -in. mind. 

1-12. If the result Of any arithmetic operation in the Mark I1s a number whose 
magnitude is greater than 1.0, then an automatic overflow process sets each bit 
of the number, equal to one, and pre8erve.tlle 'sign of the operation. Overflow is 
possible in the execution of the followingin.trucUons: Add, Subtract; Divide, 
Square Root Step, and Scale Left.' , 

1-13. 24 .. Bit ArlthmetlcAccumulator.Almost 60 percent of the instructions for 
the Mark I eausesomeoperatlon to be performed on the numerical data c'ontained 
in the, arlthmetic accumulator (e.g.,ad~, subtract, multiply. etc.). 

. , ' " ,I , ' 
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i-14. The bit toibe left of the binary point in the accumulator is reserved as a e 
sign bit. This bit gives the algebraic sign of the number defined by the remaining 
23, bits-zero for a positive number, and one for a negative number ~ I 
1-15. Numerical data may be loaded into the accumulator from the core memory 
and, by virtue of a special instruction, from the drum. Data contained in the 
accumulator may be stored only'in core m'emory. . . . . 

1-16. Most. operations performed on data in the accumulator may be initiated and 
finished in one machine cycle (6.105 microseconds). A few of these operations 
(e.g., multiply or divide) require several machine cycles to complete; therefore, 
once initiated, care must be taken that no new instructions arrive requiring op
erations on data in the accumulator until the previous, more lengthy operation has 
been completed. 

1-17. 24.l.Bit Salvage Register. Associated with the arithmetic accumulator is 
a salvage register, 24 bits in length. If an instruction is read that directs a data 
word be loaded from some source into the accumulator, whatever data happens to 
be in the accumulator at that time would be lost when the new word is loaded. It 
is the function of the salvage register to store the data word which has' been in 
the accumulator prior to a "LOAD" instruction. Hence,. if the number X is in the 
accumulator at the time an instruction is read directing that Y be loaded into the 
accumulator, then one machine cycle later Y will appear in the accumulator and 
X will appear in the salvage register. The previous contents of the salvage 
register will be lost. 

1-18. The salvage register is an addressable location (0000). That is, it may act 
as a source of data with which to perform arithmetic operations on the contents 

, of the accumulator. However, the salvage register may not be addressed for a 
"LOAD" instruction. 

1~19. MAGNETIC DRUM. 

1-20. General. The drum of the Mark I contains sixteen bands of instructions 
, and constants. Once this information has been written onto the drum the "write'" 
, equipment may be disconnected and no further information can get into the drum. 
The design of the Mark I deliberately prevents any further writl'ni on the drum or 

'modification of information contained on the drum. ' ' 

1.21. Once the computer selects a band of instructions to read, then every word 
on that band 11 read 1n order, at a rate of one, word' every mach1ne cycle, until all 
the, words on that band have' been read. At this time another band is selected and 
all or those words are read, etc. As each instruction is read, the operation It 
indtcates i~ performed. If the Qperation requires more than 8.106 microseconds 
'to complete, it is then necess~y to make the immediately following instructions 
no~operation in~tructions (NO-OP), untll enough time 'has been allowed to complete 
the operation. 
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MARK I 

1-22. The 16 bands on the drum are made up of 240 data tracks, each track being 
one bit wide and 4096 bits in length around the circumference of the drum. Thus, 
there is a total storage capacity on the drum of over 983,000 bits. The drum 
rotates at 2400 RPM and requires 25 milliseconds to complete one revolution. 

1-23. All of the bits comprising a word are read in parallel (e.g., if the first word 
in a band of the main program were being 'read, then the first bit in each of the 16 
data tracks making up that band would be read simultaneously). The read rate of 
the drum is approximately 164 kilocycles or 6.105 microseconds per word, ena
bling all words in a band to be read in one drum revolution. 

1-24. Of the 16 bands of words written around the drum, (figure 1-4) 11 are for 
the general program, four contain instructions and constants for the linear 
interpolator, and one is for radio aids. 

2 3 4 5 6 1 8 9 10 II 12 13 14 15 16 

GENERAL PROGRAM BANDS DIGITAL \ 
INTERPOLATOR RADIO AIDS 
BANDS BAND 

Figure 1 .. 4. Magnetic Drum 

1-25. All of the words in the general program portion of the drum are 16 bit 
words. There a,re over 45,000 possible words for this portion of the drum (4096 
words per' band x 11 bands). The four bands of the digital interpolator portion 
are m~e up of 11-bit words at 4096 possible words per band. This gives a total 
of over 16,000 possible words in this section. The 4096 possible words on the 
r,adio aids band are all 20-bit words. 

1-26. Each time the drum makes one revolution, three bands of instructions and 
constants are read simultaneously; one band is read and performed by the general 
program section of the computer, one band by the digital interpolator, and one by 
the radio aids band. 

1-5 
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1-27. The bands comprising the general purpose portion of the drum are not 
simply read in order from one through 11. The reason for this IS that in simulator 
work some quantities change much more rapidly than others, and consequently, 
they require a higher frequency response of the computer (Le., it is essential to 
recalculate these quantities much more frequently than is necessary for many 
other computations in the simulation progr~m. 

1-28. The Mark I handles these various computations by dividing the general 
program bands into three categories; fast, medium, and slow bands. Fast band 
calculations are performed on every other drum rotation (20 times per second). 
The instructions for the calculation of those quantIties which require frequent up
datIng are all placed on this band. Medium fast band instructions will be per
formed on every eighth revolution of the drum (5 times per second), and slow. 
bands are each read at intervals of 32 drum revolutions (1 time per every 0.8 
second). 

1-29. Figure 1-5 illustrates the final order in which all of the general program 
bands are read. ,. 

. ,,---------_. o.a SfC,···_·_-_··-

Figure 1-5. General Program Readout Sequence 

1-30. Two other bands on the drum are being read simultaneously each time a 
band of the general program is read (I.e., on each drum revolution). One of these 
bands is the radio aids band which is read every drum revolution, and the other 
band is one of the four digital interpolator bands. The four interpolator bands 
are read in sequence at the' rate of one band per drum revolution. Any given 
interpolator band is read once on every fourth drum revolution. 

1-31. Figure 1-6 illustrates the final order in which all of the bands on the drum 
are read. 

r-Fl~;,fr-M~r-; M3 F Is, F t.1~ F t.12 F MJ F IStF \1 
. . r--r-' 

1j112 ]3 14 1,12 13 T4 I, 121314 I, 12 1314 I, I 
- - 1-- --

RAjRA RA RA flA RA PA RA RA RA RA RA RA RA RA RA RA R 

-_.- - -
jM2 F M3 F $3 F M, F M2 F 

!I4 
--

I, I2 I3 14 I I 12 13 14 I I 
.. _. ... . - -- - .. -_. . .. -

RA .RA R~ RA PA RA RA RA RA RA 
'-- --~---- .-.-:. 

--- 0.8 SEC. ... -.~---

Figure 1-6. Drum Readout 
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1-32, CORE MEMORY. 

1-33. General. The core memory of the Mark I is a 2048 decimal word~ random 
access mempry~ each of whose 2048 decimal words is an addressable location~ 
Numefical information may be stored in any word location or the information· 
contained in any word location may be read out on command (non=destructive 
readout). Only one word location in the core may be read out of~ or written into 
during any given machine operate cycle (approximately 6 micro-seconds). Each 
word of the main core is 24 bits long~ of which the most significant bit is the 
sign bit. 

1=34, It is the function of the main core memory to act as the working storage of 
the computer. That is» all quantities stored in the main core can be changed9 up-
dated~ erased» etc 0 . 

1-350 All the variables in the simulator system equations are each» individually~ 
assigned locations in the core storage» and as each of these variables is re= 
calculated)) or changed» the new value is llnserted into the proper core location), 
thus replacing the old outdated value. All inpu.ts to the Mark I computer from the. 
outside world (e.g. cockpit~ instructori s station) come to preassigned storage 
locations in the main core. All outputs from the Mark I to the rest of the simu= 
lator system are read out from their preassigned storage locations in the main 
core. Independent variables which are used by the linear interpolator for the 
purposes of function generation are read from thefr assigned location in the core 
mem0R'" The linear interpolator also stores computed functional values. [f~)>> 
f{X» Y~ » in preaSSigned core memory locations. Figure 1~7 shows the :core 
locations for the various quantities stored in the core memory. . 

1=360 All mathematical quantities that are needed for a simulator progr~m (with 
the exception of constants which may be stored on the drum)>> are soored in ClOre 
memory. 

1-37. Priority. Only one word of the entire core memory may be interrogated or 
written into during anyone machine operate cycle. The many parallel processes 
of the computer (function generat],on~ radio pre=selectionjl fnput=output readingjl 
main program arithmetic y etc.) all require memory access. It becomes nec= 
essarYll therefore that these variou.s processes be given a priority ratingo 
Any operation of the main program requiring memory access takes first priority 0. 

Any operations or instructions in the main program that do not require memory 
access are consil.dered to be "holes" in the main program and it is during these 
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"holes" that the auxiliary processes of the computer gain access to the core 
memory. Instructions in the main program such as SCALE, SHIFT, ABSO
LUTE VALUE, INVERT, ZERO SLICE, FLAG NEGATIVE, and NO-OPERA.., 
TION are operations which do not require memory access and thus act as 
"holes" to auxiliary sections of the computer. Priority for all of the parallel 
processes of the Mark I is as follows: 

a. Main Program 

b.Digital Function Iriterpolation 

c. Radio Aids Data Preselector 

d. Analog Input Scanning 

e. Analog Output Scanning 

f. Boolean Output Reading 

g. Boolean Input SCal.?Jling 

1-38. Boolean Storage. Of the 2048 words of memory in the main core, the first 
128 words are reserved for use as Boolean storage locations. _ Only the first 16 
bits in each of the 128 words is used for this purpose. This results in a total of 
2048 bits of Boolean storage, since a Boolean. word is only 1 bit long. The com
puter is set up to appear as if there were two separate core memory blocks; one being 
a 2048 word arithmetic core and one being a 2048 word Boolean core. (See figure 1-7.) 

1-39. There is a separate Boolean arithmetic unit with its accumulator and 
salvage regi_ter in which all Boolean operations take place. Like its counterpart, 
the arlthmetic core memory, the Boolean core memory acts as the working storage 
for .all Boolean operations. Boolean variables are assigned storage locations here. 
AU Boolean inputs from the. rest of the simulator system are re~into preassigned 
storage locations in this memory; and all Boolean outputs from the Mark Ito the 
rest of the simulator system are read·'Ou't from their assigned storage locations in 
the Boolean memory. . - . -

1 ... 40. Since the Boolean core memory 1s really made up from 128 words of the 
main core memory, then any instruction requiring access to the Boolean memory 
is accessing the main core memory. Any instruction of the main program which 
requires access, whether it is Arithmetic or Boolean, represents a "highest 
priority" operation. -

1-41. There is no protective circuitry in the Mark I to prevent using a non-Boolean 
instruction to address the entire contents ofa Boolean storage location (the entire 
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16 bits of lOne of the 128 main core words)o H<owevelf~ if an attempt were made to 
address the contents of the enUre bl())ck~ lit would be mean!ngless~ 'n the bits ,had 
been used fOlr B(Q)oleanstc»rage pu.rplO)Se§~ to try to use it ln an ordinary arithmetic 
operation 0 It is comceivable~ however ~ that this sort of Olperation may be deliber
ately done in the case where it 1S desired to plt"ovl1.de a direct 16'=bit binary output 
of an ordinary arithmetic quanUty wUhout g(Qlilng thrOlUlgh the Digital to Analog(D1 A) 
converter Q In this case» the maln w«JJlt"d locatJi«JJD contadining the 16= bits concerned 
'Would be "stolen" permanently from the BOOllean secUOllll fc»r use by the main 
arithmetic unito Any' attempt now to wril.te BOlolean llnformaU((JJn into any of the 16 
bits of the main word location concerned would desuoy the :meaning of the arith- . 
metic quantity now permanently stored in that main core locationo Boolean $torage 
locations may alsOl be stolen (in blocks of 16) fo:rr the purpose of storing an ex
ternally coded~ 16= bit binary wo:rrd as a,n li[llputo 

1-420 It is important» n such operations as desclr'iood in paragraph 1-41 are 
employed for the purpose of pl"Olviding direct binary inputs and outpu.ts of ordinary 
arithmetic qU!.antities~ that the pr\Qlgrammer look on the enUre Boolean' core as 
being reduced in size~ and must never address any (Qif the bUs clO!ncerned for any 
Boolean purpose. «Again~ there is n(()l pr\Qltecti1.ve circuitry tID prevent the program
mer from doing so.) 

1=43. ANALOG TO DIGITAL CONVERTERo 

1~44. GeneraL It is the functllon of the AID converter to take all of the analog 
inputs to the Mark I (from cockpit» etco) and couvert them into 14= bit binary 
number so There are 100 input Unes9 expanda,ble to 1280 Each of these inputs is 
"Converted sequentially to bllnary and stored in its own individual core memory 
location. This operation is a process which is calr'ried tOJn 1n parallel with the ' 
~ain program and is fully amtomatic 0 There is a block of core memory locations 
containing the digital equivalent of the vari(QlU8 analog 11nput quantities necessary 
for equations~ and all that 11s l1"equ.ired by the programmer is to address the 
appropriate core location to employ any of these quantities required in computa
tion. 

1~450 Scaling 0 All analog input quantities a:rre scaled in the range of minus 10 
volts to plus 10 volts; these reference voltages being provided by the Mark I~ The 
AID converter converts these numbers ttC» binary numbers scaled from minus one 
to plus one. 

1=46. Priority 0 The 100 multiplexed inputs of the AID copverter a.re sampled and 
converted into properly signed 14=bRt binary wolt"ds in tWOl'drum revolutions. The 
AID converter will sample inputs only dur:ling the fi1.:!I"st and thkd quadrant of each 
drum revolution~ and the 100 AID channels are spread (Q)ve:r the four allowed 
quarters of the two drum revolU!tions~ Sl) thalt appr:oximately 25 channels are 
sampled~ conve:rted~ and stOlred in each aH\Qlwed quadranto A counter provides the 
core memory addresses in whl1ch each quantity Jis stm"edo 
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'1-47. Me~~l'Y, a.~cess is required for stOl' age , . and the A/D converter is under the 
" control of the prior'ity circuitry. (Refer to paragraph 1-37 for A/D priority.) 
When an input has been sampled, the binary equivalent is converted and held until 
the next input Issampled. At that time the, first input is stored in the address 
dictated by the counter. The counter is advanced, the next input is held and con
verted and the process continues unt11 all of the inputs have been sampled. The 
process repeats endlessly, and occurs without programming attention or instruc
tions. ' 

1-48. DIGITAL ,TO ANALOG OUTPUT SYSTEM. 

1 .. 49. General. 'Oigital to analog,conversion in the Mark I operates in parallel with 
the main program. There are 128 independent anaIOgoutputs tn the Mark I with 
theabUlty to~xpand to 192outputs~ The analog outputs are used to drive indica;:.. 
tors, motion systems, recorders, etc. in the external simulator equipment. 

1 ... 50 .• The equa~lQnsrepresenting each analog output quantity is implemented in 
the general proS~.to be computed by the Mark I. A fixed word location in the 
main core memorY'is reserved for each quantity, and as each quantity is recal .. 
culated in the main program, its new value is stored in its respective memory 
location. TheQl<:lc~of"core memory locations which contains the analog output 
quantities 1s up":dated twice every drum revolution and is sequentially transferred 
to a buffer core\memory. The words in the buffer core are then fed to individual D / A 
converters whose outputs appear as analog voltages representing the digital quantities. 

1 ... 51. Storage lQc~t()nSl~ the malncore which are reserved for outputqu811tlttes ' 
are all 8a.aipledbj~itb.,J)uffer core at a rate of 80 times a second. The buffer core, 
in turn, 188ampled'J~yt)1.e D/ A converter 80 times per second, which represents 
the sampling rate of the Dj A output system. 

. 1 .. 52. In order tha.t a maxlmu.m of 192 words in the main core memory be read into 
the buffer,core m.emory"193 8ep~ate memory accesses are required. All of 
these wol1ls will be'acc~8,ed once during the second quarter of drum revolut1on, 
andagaln during tlie. fourUl quarter of drum revolution. Since each word is read 
twice durlng each drum,l'8volution (25 mUliseconds), the sampling rate 1s 80 Umes 
per second. The drum plays no actual part in this process, but provides a time 
balle for examtnlnsthe Dj A conversion. ' 

'1-83. The time required to read each word 1s 6.1 microseconds (basic machine 
cycle), therefore one-quarter revolution of the drum represents Efh9Uih time for 
1024' posalble memor), ICC.I.es. The Dj A converter has access to core memory, 
only when the core m.~ory 1s not being accessed by either the main program, the 
dtgltallnterpolator or the data prese,lector. 'There must beat least ,192' 
"holea", in the total acc ••• requirements on the main core memory during the 
second and fourth quart.r. of a drum revolution or else all of the output words 

, would not let lampled. it counter in the Mark I generates the core memory 
, . , 
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addresses of output quantities which are to be read into the buffer core. As soon . 
as the first address is accessed, the counter advances to the next address and 
holds that address until an opportunity occurs.to interrogate that word. The word 
is read into the buffer core and the counter advances again. This process contin-
ues until all 192 addresses have been interrogated. . . 

1-54. Although the word length in the main core is 23 bits plus one bit for sign, 
.only the sign and the nine most significant bits are read into the buffer core, 
utilizing only ten of the available 16 bits per word. As words are rea4 out of the 
main core they are read Into a 12 btttranslatereiister .. Bits 10,11 and 12g0thrOUlh a warbler circuit to produce the rourid-off bit while bits 1 (20 ), 2 (2- 1); and 3 (2';' ) 
I:l'e d~vided by two and drive the vertical wires strung through the three most 

· significant and three. least significant bit posiUons of- all 192 words of the buffer . 
core (see figure 1·'8). The remaining b1t~ drive the vertical wire, which is strung 

· tFough the corresponding bit positions .of all 192 words of the buffer core. 

1' ... 55. BOOLEAN ARITHMETIC UNIT. 

· .'1-58. General. The . Boolean arithmetic unit is the Boolean counterpart of the main' 
. arithmetIC unit. It 'is the purpose of this. unit to perform all Boolean operations 

'Indicated by instru,cttons in the general. pr:ogram.· The logic circuitry of the Boolean 
arithmetic unit is ~ranged to perform the . functions of "ANl)" (mu,ltlply), "OR" I 

(~m),~'lNVERT" (compliment), "LOAD", and ''STO.KE''. As in the main arithmetic 
~nit(paragraph 1~7), the Boolean arithmetic unit also ·has an accumulator and a 
:e:alvage register. Boolean wo~ds are one bit in length, and the accumulator is a 

.> 'one bttr~lstEtr wblch Is used to. hold the results of all Boolean operattons. 
,:~otean·.· words tnaY:b& loaded into the Boolean accumulator from the main core, 
'and information in the Boolean aecumulatormay' be stored in memory locations 
"in themaincore~ All Boolean Operations indicated by .instructions in the general 
. p~ogram 8l"e. periormedon the cori.tents of. t~e Boolean accumulator by the contents 
~~ the address specified in the instruction. 

1 .. 57. SalVage Register. The Boolean salvage register performs the same function' 
as the.salvage register of the main arithmetic unit (i.e. to salvage the previous . 
contents of the accumul"tor when a new word is loaded). Unlike the main arith..;. 
~et1c salvage register,: which is only a one-word register, the Boolean 'salvage 
r,gister can hold four one~b1t words, all of which are addressable. By having a 
multi-word salvage register, this unit m~Y' act as an intermediate, temporary 
storage·unit, thus reducing the core memory ae.cess.requirements of the Boolean 
arithmetic unit. 

1-58. For the purpose of explaining the operation of the salvage register, consider 
the sequence of events as a series'of several "LOAD" instructions read off the 
drum (this is a most unlikely series of instructions). Assume the Boolean quantity 
.A is in'the accumulator when an instruction directing that the quanttty B be loaded 
.is read. '. . 

1-12 

I 
C 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
·1 
; 
I 



~ .45 

I 
I 
I 
I 
I 
I' 
I, 

I 
I , 
I 
I 
I· 
I 
I' 
I 
I 
I 
I 

44 l _:Z;::::;:; 

..--

~ ~. ~ 1m 
'-

.~ 1"'""'1 ,1 0 M 

I J L 
I 

' .. 

/rl:>°NIN 
'-' 

,~ ..... 

q 
I'" :-t:>r ... 1 N --

-V-~IN 
~ ,... --

~ 
-J ~ 

~, . Q -
N 

....... 

~"N ~ 0- ~ - v.-i CO..-
IN 

V -,.... -
"fool I 

~ 

~1' I 

~ ~ 

..... N 
.. -

'YT
N 

." '"'" ~ 

~'N 
~ I"'"'" 

~ 

\.?'"~IN 
." ~ -

'VT
N1N

. 
.N I""-

1.1'---
ro-

. """ONIN 
. -C,... , , 

. MARK 1 

r , ,! 
" '., "" 

f' I' 1" 
"- '\.. ". 
i' I' " 

" "- '\. 

" f' I' 
\. "- \.. .. 

I' !' I' 

'" \. "-
i' i" . r, 

'- \.. \.. 

~ f'. 'f' 
" 

\. '-
f' .. f'\ 1"'\ 

"- , \. 

I' " 
~" 

\.. "- '-

" !, ~ 
\. . " .... 

f' f' " \. .'-.. .... 
1'\ " I' 

'- \.. , , "-, 
I' r\. 

"- "- '-

i' I' 'f' 

' , 

"Lt 4 ~ 
.n .. N - .. c 

I II '. I 

.. 
.. " 

I' 

" , 
" I' , 
I' 

"-
I' 

" 

I' , 
I' 

' . ,. 
I' , 
I' 

" I' 
" !' 
\... 

" ',-

I' 
, 

~, 
I" 
Q ; ., 

-.J II 
I 

..;... 

....... 

..... 

-
-

--

..... 

... 

-J 

I 
I 
1. 
§ 

I 
j 

t 

! 
• co 
I 
~ 

1-13 



~."-" 

l 
I 

i . . 
"'. 

Instruction . 

LoadB 
LoadC 
LoadD 

. Load E 
Load F 

. MARK! 

. Contents of 
!9cumulator 

A 
B 
C 
D 
E 
F 

Boolean Salv~e Register 
0000 000 1 0002 0003 ------

A 
B 
C 
D 
E 

A 
B 
C 
D 

A 
B 
C 

A 
B 

1-59. The four words of the Boolean Salvage Register have addresses 0000 throUgh 
0003 and the contents 'of any of these word locations may be used to perform a 
logical "AND" or "OR" with the contents of the Boolean accumulator. That is, they 
are addressable locations." The contents of any of these salvage register locatlons 
may be "loaded" into the Boolean accumulator. • However, the contents of these 
locations may not be stored in the Boolean core. Only the contents of the accumu
lator may be stored in the core memory. 

I 

1~60.DIGITAL LINEAR FUNCTION INTERPOLATOR. 

1-61. General. Function generation in the Mark I is a process which is done 
continuously, in Parallel with the main prOgram of the machine, and thus, b~cause 
of the saving of computation time in the main program, contributes l~gely to the 

'. real-time dyilaJ:nic response of the Mark I. Function generation is accomplished 
by mearrS of linear interpolation between the ordinates of fixed "breakpoints"... . 
Figurel 1-9 illustrates an' arbitrary fUnction of X whose X axis has been divided . 
. into eight equal segments'.· These eight segments are defined by nine breakpoints: 
0, 1/8, 1/4, 3/8, 1/2, 5/8, 3/4, 7/8, and 1. . '. . 

1-14 

, I 

f(X) 11' I 
1 I I 
I I f(-e') I f(t) 

FCc) I 
I 
L.:.: 

~~---+----+--+---+-r--I' 1 
.J.s · ~ A' J... .:. i ~ 10 

"T e' 2. Q 4 8. • o 
-"------ X 

Figure: 1 ... 9. Linear Function Curve 
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1'-62. U the ordinates of these nine breakpoints are known, (e.g., f (0), f (l/8), f 
(1/4), f (3/8), etc.) and if the independent variable X is known, then it is possible 
to perform a linear interpolattonto determine f (X). For instance, if X.l1es be
tween 1/8 and 1/4 then it is possible to interpolate between f (1/8) and f (1/4) to 
obtabl a very close approximation of f (X). 

1-63. Tile linear interpolat~r has its own arlthmetic unit with a parallel binary 
adder arid the appropriate registers and logic circuitry to do interpolations. 

" ,', I • 

1-64. Scaling. All numbers handled by the Mark I must be· scaled so that the 
magnitude is not greater than one. This also applies to the function interpolator. 
Therefore, both the independent variable, X, and the ordinate value, f (X), must be 
scaled sO that their magnitudes are not greater than one. All numbers handled by 
the interpolator are assumed to be positive, so variables and functions must be 
scaled accordingly. 

I 

1-65. Flow Of Information. The four bands on the magnetic drum which are used 
for function Interpolation serve the purpose of storing the ordinates of the break
points of all the function curves. The drum also contains the core memory location 
of the independent variable, and the core memory location in which the calculated 
value of the function will be stored. Each different function is represented by its 
own block of information listed on one of the bands, all of the blocks being listed 
in order around the bands. Figure: 1-10'shows the flow of information for function 
ge,peratlon.' . 

MAGNETIC 
DRUM --- lit • 

... 
MA'N CORE 
MEMORY 

LOCATION OF X 
f(O) 

+ 
f(I.O) 

LOCATION OF f(X) 

f(X) 

X 

~ -
LINEAR 
INTERPOLATOR 

• 

Figure 1-10. Flow of Information (Interpolator) 
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1-66. It is unnecessary to store the X values of the breakpoints because, sin~e 
these breakpoints are fixed at 0, 1/8, 1/4, etc., it is only necessary to build the. 
logic of the interpolator in such a way that it can look at the value of X and , 
recognize between which two breakpoints it lies. Consider the binary representa-
tion of the numbers, 0, 1/8, 1/4, etc. ' 

o = 000' 0000000 
1/8 = 001'0000000 
1/4 ='010'0000000 
3/8 = 011'0000000 
1/2 = 100'0000000 
5/8 = 101'0000000 
3/4 = 110'0000000 
7/8 = 111'0000000 

1 = 111'1111111 ' 

1-67. An examination of only th:~ first three digits of X will determine between 
which two breakpoints X\U~s~ fiX < 1/8 then its iii'st three dtgltswtll be 000; 
hence 0 S X < 1/8. If 1/8 ~ X < 1/4, then the first three digits will be 001. 
Figure 1-11 shows how the first three digits of X will determine between which 
two breakpoints it lies. 

000 001 

o I 
4 

010 OU 

J. 
2. 

100 101 110 "I 

1.0 

Figure\1-11., Decoding Scheme Determining "Location" of X 

1-68. In a block of words on the drum concerning a given function (assume a func
tion of a single variable), the first word that is listed Is a control word which 
serves' the purpose of identifying a new function and describing whether it is a func
tion of one, two, or three variables. The second word listed is the memory location 
of the independent variable. Following this will be the ordinates of the nine break
points in order beginning with f (0). The memory location of X, the independent, 
variable, is listed before the ordinate information. Memory access by the main 
program has priority over access requirements by the interpolator; therefore, 
the interpolator may have access to memory only during "holes" in the main pro- , 
gram. In order to ensure that the current value of the independent variable is 
obtained from its memory location, its address must be repeated five times. (One 
of the rules governing the general pwpose program is that memory cannot be 
accessed more than four times in a row or more than 60 percent of the program.) 
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,1·69., 'Once acces.sto the'c'ore memory bas been gained, the current val"e of the 
bidepend~ntvarll.blelsread into a register in the interpolator. The first three 

, dlgi~s of X(tll~.1n~p.nde~t vari~le) are examined to' bracket X betwe.en two 
br.eakpoints.Thlsprocess Is completed ~fore. the data field 1s read off; therefore, 
before the f1rst()rdlnateis read, the interpolator already know. '?1lh'1ch two break-

"points brac~et.X. •. '" ~ ... tlle ordinat,es are read off the drum, only, the two ordinates 
concer~ed;J(~,~clf(Xn+l), are held for lnt.rpolatlono, The otbei' ordinate " 
wordsare 19norec:tbythelnterpolator. The result of the interpolation is f (X). 
f(X) is held 1ntbe, Ilnear interpolator until a word 1s read off the drum directing 
that' f (X) be stored andgivlng the. loca,tion in the c.ore memory in which tos.tore it. 
The location off.(X) must also be. repeated flve. times to ensure ~emory access. 

1-70. Tlmm.Inthe,event that X was l~cated between '1./8 and 1.0, the.interpola
tor wOula ' :ve.to w-.lt until tbe eighth ana:nlntb ,ordinates were read off. tbe dru.m 
befor~ i~could begin Its calculations. This means that some time must be allowed 
aft.r the last ordinate is listed before, the memory location of f (Xl is 11sted •. ·This 
,UJ:P.eis to allow the, interpolator. to fillllh .lts calculations. before dlrecttq.it. to 
store. the, results. " 

1-71. In'the case of a single variable function, L(X), two blank words (13 U8C. " 
approximately), allows suffiCient time for the rinterpolatQr~tonn[sli IfscafcU:;-'-
lations. In the case ofa function of two variables (X, Y), four blank words are 
necessary. and, for the three variable function (X. Y. Z), six blank words ate 
necessary. 

1-72. The final arrqement for the data and instructions for some Single variable 
function (Xl, is,Shouin figure 1-12. ' 

, '. 

.1-78.1'110 Vliiab1e ,Punc.tio,2. " A'" function of two variables as handled 'by the Mark 
I wiUbi lDliform Of a !'family·' of nine single-variable functions.' (See figure " 
1 '13) I . ' 

-, ',_J ""," ' 

1-74. Todescrlbe atwovar.1able function requires 81 ordinates. The address of 
y is 11IJted~.rU.sttngthe address of X, and must also be repeated five. times; to' 
ensurem~mpryacce8s. The.81 data.points are listed in zoneflvebeginning. with 
the f (X,'!'; =O)cur,ve'and ending with the.f (X, Y .. 1:1 1) curve. 

-1-'15. 'TherewoUldbea.total of 729 data words fora three variable. function: nine 
data words tor]C, times. nine data words for Y,. times, nine data words lor Z. The 

. address Ipcatlon.~tll.e ind$pend.nt variable' Z 1s listed after the Ylocation and 
.must alio be, llsted flve times to ensure memory access. .' '. .... ' . . 

, '1, ." '. . 

1-7e~ Siilce,t"re,ar.,fou~bands,onthe drum for the linear interpolator ~ 4098 
words aroUnd .alDl1e. ban~, there are a total of 18,88,4 words of storage capacity 
on the drum to be' used forfunctlon generation alone. Twenty-two, words are 
,required to de ICr·t1;lea function of a alD11e variable" so If only stng1e variable 
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Control·Word Zone 1 

LocaUon of X 
Location of X 
Location of X Zone 2 
Location of X 
Location of X 

Data Words f(O} 
f(1/8) 
f(1/4} 
f(3/8) 
f(1/2) Zone 5 
f(5/8) 
f(3/4) 
f(7/8) 
f(1.0) 

Computer Time } Zone 6 Computer Time 

Answer Address 
Answer Address Zone 7 Answer Address 
Answer Address 

Answer Address Zone 0 

Figure 1-12. Interpolator, Single Variable Function Arr'angement 

functions we]'"e. stored on the drum, there would be sufficient capacity to gene;rate 
over 740 different functions. Since two and three variable functions are also 

. stored, tbe capacity is affected accordingly. 

1-77 .It is possible, by using certain indexing bits in the control word, ~o use the 
aame function data or curve with four" different independent variables, the reaults 
to b,e stored in four different locations. This reduces the neces~ity for having to 
repeat the data for the same curve several tifmeaonthe drum., thereby saving stor .. 
age capacity on the drum. The. main "drawback" .in using this method is that in
dexedfunctions are. only recalculated 1/4 as many times as non .. indexed functions 
which are recalculated at a rate of ten times per second.· . . 

1-78. All of the words on the four bands of drum storage for the Linear Function 
Interpolator (LFi) are 11 bits .long. Of these 11 bits, one,.the MBD, 1s reserved as 
a control bit and the remaining ten are for data. Numerical data (ordin •• s of ~e 
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MARK I 

Y=/.O 

~--- Y=7 
i 

Y=~ 
4 

--- y~! • y= .!. a 

__ ----' ya, 
V-.L .. 

t----~-__====~----y. i, 

o I 
e 1 

1 
1.0 

-------- X ---------1 ...... 
Figure 1-13. Two Variable Function 

breakpoints) are only listed with ten binary digit resolution. Arithmetic in the 
interpolator is carried to, 14 places and rounded off. 

1-79. RADIO AIDS DATA PRESELECTOR. 

1-80. General. It is the function of the Radio Aids Data Preselector to examine 
a total Of 350 aUferent radio transmitters and select the best possible station, U 
any, thafeach,of theslmulated aircraft receivers should be receiving. The Radio 
Aids Data Preselector operates in parallel with the general program of the Mark 
I, and it is completely automatic, without need for programmer attention. ' 

1-81. The automatic radio system treats each transmitter 18 a separate entity. 
Under this concept, an IlS facUlty would consist of a localizer transmitter, two 
'lIS-megacycle marker transmitters, and two low frequency compus marker 
transmitters. a total of flve separate unite. 
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1-82. Each simulated transmitter is counted separately with the following 
exceptions: 

a. The glideslope facility is provided as a component of the localizer sys
tem anq does not require a separate transmitter in the total facilities count. 

b. A DME (Distance Measuring Equipment) system, if co-located at a VHF 
Omni-Range Station, is associated (from a computational standpoint). with the 
related azimuth facility and does not count in the total. 

1-83. The 350 available transmitters are divided into five groups according to the 
type of facility; the maximum number of facilities in each group may not be ex
ceeded, although it is not necessary that all facility channels be employed if a 
lesser number is desired. The five groups are: 

a. Low-frequency transmitters: This group includes low-frequency beacons, 
low ... frequency compass locator facilities and A/N range stations. 127 such facil
ities can be represented, of which 32 may be A/N range stations. 

b. VHF/UHF facilities: These include VOR transmitters, TACAN trans
mitters, Navy UHF direction finder transmitters and ILS transmitters. 127 
independent VHF/UHF facilities can be represented. 

c. Outer Markers: The system can represent 32 Outer Markers. 

do Middle Markers: The system can represent 32 Middle Markers. 

e. Fan and Z Markers: The system is capable of representing 32 Fan or 
Z markers which can be intermixed in any desired proportion. 

1=84. All information for the 350 transmission facilities is contained in 4096 
successive 20-bit parallel words which occur sequentially at 6.105 microsecond 
intervals around the surface of the drum. Except for the 20-bit length, these 
words are similar in timing to the instructions and interpolator data contained on 
the remainder of the Mark I program drum. 

1-85. Since all 350 possible facilities must be scanned every drum revolution (40 
times per second), preselection is limited to station frequency, latitude coordinate, 
and longitude coordinate. Preselection in this manner permits the use of simple 
electronic circuitry and ensures that time-wise, the facility will be inspected. . 

1=86. Frequency Inspection. For each transmitter represented, an upper and a 
lower frequency limit is assigned. The facility preselector system will find a 
particular facility acceptable for a'particular receiver from a frequency stand
point, if and only if the frequency of the receiver falls between the upper and 
lower frequency limits assigned to that facility. 

1-20 

a 
D 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
'I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MARK I 

, ~-87. Although all marker transmitters operate on 75 megacycles, artUicial 
frequencies are assigned ,in the Mark I. The range of these frequencies are 0 to , 
1.0, 0 to 0.499,' and'O.S to 1.0. The second two frequency ranges are used to 
prevent overlaps where more than one marker facUity i8 simulated at anyone 
station. " " ,., .. " .,".,', .. ,. 

1'-88. Low frequency transmitter facilities are assigned frequency limits by sub
tracting and adding to the assigned operating frequency a number somewhat 
larger than half the receiver bandwidth. The resultant two numbers are used as 
the lower and upper frequency l1mits. 

1 ... ~9. VHF IUBF receivers employ digital tuning with discrete frequency asaign~ 
ments. The limits (lower and upper) assigned to the transmitter are nUmerically 
close together to ensure that only those transmttte.rs which exactly match the 
receiver's frequency will pass the frequency test for a given receiver. 
I' , 

1-90. GeIlraPhic Position Inspection. The method employed for geographic in
spectiona.assJgn{n.g two patrsOf coordinates to each of the 350 pOttsiQle facilities. 
These coordinate pairs represent the upper, lower, left and right boundaries of a 
rectangle which contains a given facility. These rectangles are arbitrarily 
assignediso that the left and right boundaries (limits) are in the East-West direc
tion, (longitude' axis) and the upper and lower boundaries are in the NOl'th-Bouth 
direction (latitude axis). (See figure 1-14.) . 

I LATU (:~.) 
I 

LO~GO (L): LO~GL (.L) 
I 

" 
" ,," 

",," 

I 
I 
J-----.---~ 

I LAT L ~A) 

I· Figure 1-1'" Frequency and GeographlcalCoordtnates, Single Transmitter 
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1-91. Each rectangle is assigned to be as large as possible, although care must be 
~aken to ensure that there are no overlaps of rectangles'assigned to different 
facilities either operating on the same frequency (in the case of markers and VHF/ 
UHF facilities) or operating on adjacent frequencies so that two or more facilities 
could be within the bandpass of the receiver (in the case of LF facilities). 

1-92. The assignment of rectangles to each of the facilities is made by the facility 
grouping 1n 'the cOl}lpute.r., Fo;r, e·x~glef._tp:E!l:;e;~, are ,thl~eegrQUps pi .~ 
markers, Outer~ Middle and Fan/Z markers. Even though all three groups operate 
on the same frequency, only one marker transmitter from each of the three groups 
can be selected at anyone time. Therefore9 it is only necessary to assign the 
rectangles in such a way that for a given group~ no overlapping rectangles are 
assigned. Overlapping rectangles are permUted between facilities of different 
groups, and because of the programmed calculations involving range and radiation 
pattern~ no interference will result,unless two or more markers of different types 
that in reality do interfere, are represented and can be received simultaneously~ 

1-93. Preselection. Preselection of one of the facilities within a group is 
accomplished by determining whether or not the aircraft is within a pair of left 
and right Longitude coordinates, a pair of upper and lower Latitude coordinates 
and whether or not the receiver is tuned toa frequency within a pair of upper and 
lower frequency limits. Each transmitter is effectively placed within a rectan
gular box having North/South and East/West boundaries (t.eo~ the box cannot be 
placed diagonally on a map). The third dimension of the box is frequency, the 
three dimensional concept is for convehlence is visuaUzing the physical domain 
within which the individual transmitters are eligible for reception. 

1-94. It is possible to operate in a space free of any of the individual boxes in 
which case no station may be received. This situation is immediately altered if 
the receiver tuning is changed since this constitutes an effective movement in the 
vertical or frequency coordinate in the imaginary three dimensional space, which 
may result in the preselection of a station whose "boxil has been entered, 

1-95. When a station of a group meets simultaneously all three preselected 
criteria, the stored data which completely describes that station is transferred 
to a specific group of core memory locations associated with 'the receiver capable 
of receiving that station. The transferred data is used by the programmer to 
calCUlate signal strength~ range by orientation9 beam pattern, call letters, and 
so forth, according to the type of facility. 

1-96~ KEYING FUNCTION GENERATOR. 

'1-97. General. The Keying Function Generator (KFG) is used to simulate the 
call letters and characteristic,codes of various types of navigational transmitters. 
The call letters of seven different transmitters can be stored in 8 core memory 
words. Each word is 16 bits long and four words are utilized for each transmitter, 
thus providing up to 64 bits per transmitter 0 
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1-98. Priority. The four binary words forming the call letters of each station 
selected byth¢ Data Preselector are transferred from the drum to core memory. 
One bit at a time is retrieved from~ core memory~ with a block of seven bits 

.. read out during the first seven machine cycles (approximately 42 usecalways 
reserved for KFG priority) of every fourth drum revolution. During this period, 

'. one bit is taken from each of the seven stations in storage, The seven bits re
moved from core memory are shifted into a storage regi~ter where they remain 
for. four drum revolutions (0.1 sec). A new set of seven bits is then shifted into 
the register 0 These are the next least significant bits (start with the MSB) of each 
of the seven core memory words being read, This process continues unUrall four 
'core memory words are read for the seven stations in storage. Since there are 
64 blts per station, a total of 6.4 sec is used to obtain all the call letter information 
~tciredo 

1-990S1nce every bit of call letter information represents 0.1 s~c of the call 
letter~ a dot is equal to a 1 (0.1 secL a dash is equal to three l~s ~(Oo3 sec)~ the 
3pace between dots and dashes within a letter is a 0 (O. 1 sec) ~ the space between 
lett.ere within a call1eUer group is three OWe (003 selC)~ and the space between 
call groups (if they are repeated in one 64 bit segment) is at least five 0' S (005 
sec). 

.. ' 
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SECTION II 

LIST OF INSTRUCTIONS 

, ," .. 

2·1. GENERAL. This section contains the 26 machine instructions which the 
programmer may use in directing the Mark I in a step-by-step solutionof~·· 
equation. These machine instructions are all that is written on the lr~!l~l~al.. , 
program bands of the drum, and these, instructions are read and per~ed in the 
order in which they are written. One instruction is read everym~:liinecycle ' . 
(6.1 'microseconds). All instructions describe an operationwhlch the Mark· I is to . 
perform, and they give'the location of the data word or constant involved .in the' 
ope:dition. 

;', >'. 

\ '~,' 

2-2. All instructions fall into three general categories: transfer, arithmetic, and, 
control, and each instruction has an identifying code number which is recognized,by .' 
the machine. ,. 

2 .. 3. An instruction word is mac;le up of two sections: a two octal-digit EI~ction ,. 
which gives the operation (identifying code), and a four octal-digit section which 
speCifies a core memory address. Figure 2-1 is an example of an instruction 
word.to add the contents of memory location 1500 to the contents of theaccumula ... 
tor. 

I 0111500 I NOTE: (O.l and 1500 are, octal numbers) . . 

Figure 2-1. Instruction Word 

2 .. 4. When the six octal~digit word (figure 2-1) is punched on the Tape Prepara- ,. 
tionUnit, it will be automatically converted into a 16-binary-bit word. The first 
five. bits will be. the binary code for the operation, andthe following 11 hits wUl be 

'. the binary code for the core memory location. (The, eleven gene'ral-pl'ogrambands 
"on the drum are all 16 bit wide.) Theoctal-digit word (figure 2 .. 1) would be coded' 
, as shown in figure 2 ... 2.,·.J, -) c; 7 

0 1 '1 5 0 0 

00 001 01 101 000 000 .. 

" " .. Figure, 2-2. Bin~ Coded Octal-Digit Instruction Word". ", ,,' .••.. ' 
. . \.' . ',' 

2-5. Each digit of the tnstruction'\s coded separately. This is the binary-coded' 
octal format. Each . octal digit of th~ instruction is separately converted to binary, 

.. and'the binary equivalents are written ini:the same order as the octal numbers~ :. 

.. 
2-1 

" :.' 
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The first octal digit of the op~ratlon section code and address section code never .' .t .• ~.! 
. ·-eltceeds: three and thus requires only two binary digits to simulate it. All Of the .... 

'/ other octal digits can take on values from 0 to 7 'and each requires three binary ..."", 
digits. . . 

-2-6." INSTRUCTIONS. '. ""I 
r 

.. Ii' 

2-7. The following paragraphs contain'the complete Uat of Mark I instructions 
. complete with the instruction code~ explanation of the operation, the clus in which :!' 

"~" . 

the instruction falls (control, transfer, or arithmetlc)'~ and sample prqgrammlng 
. '. procedures for each instruction, ' 

. ~ 
, I 

i. 
" 

~- .' 

2 .. 8. Load Accumulator. 

Class 
.& 

, Transfer 

Mnemonic 
Code 

LD 

OoPo 
Code 

20 
!t" 

Address 

MMMM" 
.... . I~ 

NOTE 

Process 

Transfer the contents of the 
accumulator to the sllvage ' 
.register. Clear(th~ accumu
lator 0 Transfer the contents 
of core memory' address 
MMMM to the acc;umulator~ 

The contents of the salvage register may not be loaded 1n 
the accumulator. Address 0000 is not allowed. --

, ~; 

ExAMPLE: X is'in the accumulator and Yls in core memory location ~34LoadY , ,. 
" " I;, 

.... I·. Mnemonic 
Code 

. O.P. 
Code 

Mem, 
Add. 

. \ 

-
20 

.2-9.' Store Accumulator. 

Class : 

'.' Transfer 

. "":. 

.," ';.,' 

... 
f'· 
~. 
'i •.. 

, . 
Mnemonic 

. Code 

ST 

O.P. 
Code 

23 ' 

1234 

Address 
., 

MMMM 

:"0 t \, 

Accumulator S,alv. -- .' 

X 
I 

Y X 
!),;.' 

-'I, 

Process 

Transfer the contents of the -" 
, accumulator to core memory~· 

address MMMM.; The con
tents of. theaccumulatorw1l1' 

'.', ".' 

'I 
1 

I ····:· 
· ".' , . , 

· .! 

.,·1 

I ··~ 
" 

} 

I· ; · " 

I J 
. . *:: 

I
j 

I~ 
:j 

I 

I" 

1'1 
I, 
Ii: 

. .~ 

I 
I: 

:'j 

'J I: 
·Ii· 
1·1 



'-l!i!iI! 

I ·.·· : .;,..' 

"" .. 

:,1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
'I 
I 
I 
'I 
I 

-,I 
.. I 

Class 
Mnemonic 

Code 
O.P. 
Code 

MARK I 

Address 

, NOTE 

Process. 

. remain in the accumulator , .. ,' . 
until the next load instr~etlon. 

'Address 0000 is not allowed. 

EXAMPLE,: Y 1s in the accumulator, Transfer the contents of the accumulator to 
core memory address 1000. 

. Mnem'onic 
Code 

ST 

O.P. 
Code --

23 

NOTE 

Mem . 
Add. 

1000 

. Accumulator 

Y 
Y 

Y is stored in core memory location 1000. Y will an~ore
main in the accumulator until the next LOAD instruction 
when it will automatically trarisfer to SALVo 

2-10. No-Operation. 

Class 

Control· 

Mnemonic 
Code 

O.P. 
Code Address Process 

NPA 
NPB 

12 
25 

0000 . 
3777 

Do not transfer information. 

NOTE 

Indic'ates an unused instruction wotd location on the drum. 
"Time .. ,killer" gives the Mark I time to perform such in~ 
structions as multiply, divide, and square root. P~iorlty 
control is free to ',accept any auxiliary process. The two 
NO-OP instructions wlllbe used alternately by the pro~, 
grammer. ,Tbis . instruction also functions as a parity 
chec.k on the drum r.ead beads. An ~xampl~ of a NO .. ,OP . , , 
,instruction isshc;>wn in p~agraph 2-13. . , 

.. 
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= 

, 
, " 

J 
'F.' 
:i 
~ . 

, 
... \. 

" ,'." . 

,.:. : 

.. " 

, ~, 

2-11. Add. . . --. 

Cla~s 

'.Arlthmetlc 

'" 

Mnemonic 
C.ode 

{ 

APD' 

MARK'I 

·o,P. 
Code Address 

'01, 

~. '': '. ',.:. . 

" Process 

Transfer the' contents of 
address xxxx to thearlth." 
mettc unit'and,ADD tdthe 

'contents of the 'accum.Ulator. 
~he automatic overflow proc. 
ess operates 11 required. 

EXAMPLE: It is desired to form the equation Z :: X + Y. Assume Y is stored in . '" 
m.emory location 1235, X bl memory location 1234, and Z in memory location 12~6. 

Mnemonic O.P. Mem. 
Code ' Code Add., Accumulator , 

LD 20 1234 X 
ADD 01 1235 .X~Y 
ST 23 1236: X+ Y. 

NOTE 

x + :'1 is stored' in core memory location 1236 (Z).X + Y 
will also remain in the accumulator untUthe next LOAD 
instruction When It will automatically transfer to SALVo 

2-12. Subtract. 

Mnemonic, OoP. 
Code Code -, Class, . 

Arithmetic . SUB 02 

. Address , Process 

XXXXTransfe~ the contents of 
location'XXXX to'the lU'ith
metle unit and' subtact from ' 

. the contents of the accumula
tor._ Overflow process oper
ates if required. 

EXAMPLE: It is desired to form the equation Z= X .. Yo Assume X 1s stored in 
memory location 1234, Y in memory location 1235, andZ in memory location 1236. 

1", • 

,. 

. ':-C' ',' 
:" '. . •.. \. .~ . 

.", . -.: ," 

';1' 

I 
I: 

·:1 

I." 
'I 
I 
I 

, II 
", j 

I 
I 
I 
I 
I 
a·' 
I· 



~. 
'I 
I 
I 
·1 
I 
I 
I 
I 
I 

,.1 
I 
I 
I 

:1 
'I 
·1 
I 
I 

Mnemonic 
Code 

LP 
SUB 
ST 

O.P .. 
Code -

20 
02 
23 

MARKl 

NOTE· 

Mem. 
Add. 

1234 
1235 
1236 

. Accumulator 

x 
X-y 
X-y 

X - Y is stored 1n memory location 1236 (Z). X - Y will· 
also remain in the accumulator until the next LOAD in
struction wheoitwill automatically transfer to SALVo 

2 -13 .. Multiplr. 

Class 

Arithmetic. 

·Mnemonic 
Code 

MLT 

O,P. 
Code Address 

'03 XXXX 

. NOTE 

Process 

Transfer the contents of loca-. 
tion xxxx to the arithmetic 
unit as multiplicand and 

. multiply with contents of the 
accumulator as multiplier .. 
The 48.bit product remains 
in the accumulator and 
Multiply (MQ) Register, (The 
24 most significant bits 
(MSB's) are in the accumula. 
tor',) 

A' multlpllcation requires an amount of time equal toflve . 
machine cycles (30.5 m.lcrQseconds). Mult1pUca.t1on In-

. ,structions must be followed by·four NO-OP instructions .. ·· . 
Boolean instructions may be' ,substtt4ted for·.the NO';'OP in
structions since they do not involve. the use of the main 
arithmetic unit. 

. .. 

EXAMPLE:' Form the eq\,lation W = Z (X + y) .... Assume X is in memory~iocat1on' 
1~34, y 1n mem,ory location 1235, Z inm~.morY.locaUon 1236, and'Win memory 

. location 1237 ~ .. 

, , . ' , 
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" :< 

Mnemonic o.P •. 
Code'. . Code 

LD 20 
ADD ·01 
MLT 03 
NPA 12 

. NPB; 25 
NPA "- 12 
NPB 25 
ST 23 

MARK I' 

Mem. 
Add. 

1234 
1235 
1236 

~ 0000 
3777 
0000. 
3'111 
1237 

Accumulator . 

x 
X+y 
X+Y 
X+Y 
X+Y 

.. X+Y 
Z (X+ Y) = W' 
Z <X'+ Y) = w 

r . 2-14. Negative Multiplication. 

. \ 
I . , 

. Arithmetic 

Mnemonic 
Code 

NMT 04 

~ddress Proces§ 

:. Same as multiply except 
number transferredhu sign 
inverted. 

. EXAMPLE: Form the equation W = Z - XY. Assume the same memory location 
. for X~ Y, Z and W as paragraph 2-13. 

Mri~monic 
Code 

LD 
NMT 
NPA 
NPB 
NPA 
NPB 
ADD 
ST 

2 .. 15~ Square. 

Class 

Arithmetic 

2 .. 6 

MnemoniC 
Code 

:.SQ 

OoP. 
Code 

20 
04 
12 
25 
12 
25 
01 
23 

ooPo 
Code 

05 

Memo 
Add. Accumulator 

.'; 1234 X 
1235 X' 
0000, X 
3777, . X 
0000 X 
3777 -XY . 
1236 Z-XY=W 
1237 Z"; XY= W 

!ddressProcess 

0000 Same as multiply except, 
transfer contents of accumu
lator for USe as multiplier 
and multiplicand. 

,:,;:':'C':'ll 
, \ 
'c \ 

I 
·1., 
·1 ;1 

j 

'·1: 
I 
I 

·>h"I . 
I 
I 
I· 

" ~ ~ 

I" 
'I 
I.' 
I". :"" 

I' 
I ·· .. , 

, "J 

I,,' 
.• i 



I§@$ 

;'''1'; \;, ," 

I 
I 
I 
I 
,I,: 

I 
,I· 
I 
I 
I 
I 

;'1 
,I 
,I 
"" ,I 

,I 
::'1 

" ' 

, ' 

'\1'" .,' 
," "" 

MARK I 

NOTE, 

0000, is the only allowed address. - ' 

EXAMPLE; ',Form tbe equationZ = X2 - Y. Assume X, Y,. and Z are in the same 
memory locations as in paragraph2~13. 

Mnemonic 
Code 

LD 
SQ 

-~, NPA 
NPB 
NPA 
NP.B 
SUB 
S,T 

2-16. Divide. 

Class " 

Arithmetic 

Mnemonic, 
,Code 

DIV 

O.P. ,,' 
Code 

20 
05 
12 ' 
25 
12 
2,5 
02 
23 

O.P. 
Code -

06 

Mem. 
Add. 

1234 
0000 
0000 
3777 
0000 
3777 
1235 
1236 

Address 

xxxx 

NOTE 

,);,,, 

Accumulator 

X 
X 
X 
X 
X 
X2 
X2 - Y = Z 
X2 - Y = Z 

Process 

Transfer the contents of 
address XXXX to the main 
arithmetic unit as divisor,,' 
and divide into the contents 
of the accumulator as divi
dend. Discard remainder of 
dividend from accumulator ' 
and transfer quotient to 
accumulator. Overflow proc-

, ess operates if required. 

, ' , 

A divided instruction must be ,followed by four NO-OPin
structions. (Bo()lean ,lnstruct.iohsmay be SUbstituted for 
NO";OPS.) , , 

. . . '.' , ' 

EXAMPLE: For~ the equation w'= xy - y2 + Z,o, AssumeW, X, Y, andZ are 'in 
,", Z, ' , ' 

the sam,ememory location as iilparagraph '2-13. ' 

, . 

.. ;', 
,,'" 



~~ ~~"=-~~-~- -- -- ~- ~- -"-~ =-=====----=---

I· 

; 

'. 

't 

[~: 
'I. 

J 
.:~ . 
l . 

, .• l . 

. s," 
f;. 

f 

Mnemqnic 
. Code 

LD 
SUB 

, MLT 
NPA 

·NPB 
NPA 
NPB 

.. 
." DIV 

NPA 
NPB 
NPA 
NPB 

ADD 

ST 

2 .. 17. Square Root Step. 

Mnemonic' 
. Class Code 

, Arithmetic SRS 

O.P. 
COde 

i 

20 
.~' 02 

03 
12 
25 
12 
25 
06 
12 
25 
12 
25. 

01 

23 

O.Po 
Code -

07 

--- --=-----

MARK I 

Memo 
Add. 

1234 
. 1235 

1235 
0000 
3777 
0000 
3777 
1236 
0000, 
3777 .-
0000 ~ .. 
3777 

.. 1236 

1237 

Address. 

MMMM 

Arithmetic; 
Accumulator 

x 
X-V 
X-V 
X-V 
X-V 
X-V 
Y (X .. y) 
y (X .. y) 
y (X .. y) 
y (X .. y) 
y (X':' y) 
y (X ~ y) 

Z 
y (X -,V) +Z= 

Z 

XY .. y2 +Z = VI . 
Z 

XY .. y2 + Z = W Z . 

Process 

..... 

Take the, square root of the 
contents of the. accumulator; 
by performing one iteration ... 
of the Newton~Raphson 
approximation where X =VY; 
Xn = 1/2 ( Y + Xn ~ 1) ... 
. .. Xn - 1- ... : '. 
, The previous res~lt of this 

. .' ~ 

operation, Xu -' 1, is found in' 
memory location MMMM:. ... " 
The result ofthlsstep,Xn, is 
to be stored in memory loca
tion MMM~t 

:.'. ·~I~l 
. . 

."g" 
. ..!.j 

", ',J 
" :; . ··1 .. 
. r ..... Iv 
J 

I 
J, 

. ~ : 

' .. 1· \I:'. 
. ,:: 

. . .;} 

I 
.. , I, 
.-~vl .. 

11 
I 
I 

·1 
'I· 
·1.: 
.' . 
··.1: 
.1.' 
'·1' .',. 

:,' ': . 

• 1 

···1: 
, ' 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MARK I 

NOTE 

The square root of 0 is not allowed. A square root instruc
tion must be followed by four NO-OP ir.,stru(~tions (Boolean 
instructions may be substituted.) 

EXAMPLE: Form Z = X + Y + ""XV. Assume that X 1s stored i.n memory location 
1233, Y 1s in 1234 and Z in 1235. 

Mnemonic O.P. 
Code Code 

LD 20 
ADD 01 
LD 20 
MLT 03 
NPA 12 
NPB 25 
NPA 12 
NPB 25 
SRB 07 
NPA 12 
NPB 25 
NPA 12 
NPB 25 
BT 23 

,ADD 01 
ST 23 

2-18. Scale. 

Mnemonic O.P, 
Class Code Code _ ... 

Arithmetic SeL 10 
BeL 10 

Mem. 
Add. -_.-
1233 
1234 
12!33 
1234 
0000 
3777 
0000 
3777 
1000 
0000 
377 Pl 
0000 
9r'V 1 ...... :"'1 
~H Ii 

1000, 
COOO 
1235 

Address - -
l~w-

0---

ArithmeUc 
Accumulator ----_ .... -
X 
X+y 
X 
X 
X 
X 
X 
Xy 
Xy 
xY 
Xy 
Xy 

V'XY 
YXy 
X +' Y + VXy· 
Z 

X+Y 
X+'y 
X+Y 
X+Y 
X+Y 
X+Y 
X+Y 
X 1- y' 
X 1" Y 

A+Y 
X+Y 
X+y 

Process 

Th """d t' ,ft ~' 1 e iaU resa por lOn 0 .. d', .• 8 
lnstruction contains a ec·rJr":il 
code '-0&1 fo'lo"'s' H t"h~', .,..,', "~kl> ~. "" v¥ i ......", •. :.t~_. J.~",.\ ... "",t 

significant bit (MSB) ~:.: i\ 
left shift. If the },,1.;:;: r't ',~ 1, 
right shUt. The !'ematning 
portion of the address con
tains the number of places 
to be shifted, 001 through 101 
(Binary). The MSS of thf' 
accumulator will remaLl un
changed to retain the sign bU. 



Mnemonic 
Code 

O.P. 
Code 

MARK I 

Address 

NOTB 

Proces's 

The remainder of the accu
mulator contents wUl be 
shifted by the required num
ber of bits, with insertion of 
zeros starting at the seconcl 
most significant blt for scale 
right, and with the insertion 
of zeros . starting at -the least 
significant MQ bit for scale 
left. For scale left, the MBB 
of the accumulator (after the 
slsn bit) will be examlned be
fore each l-bit shift. If a 
"one" exists in this bit, 
OVERFLOW will occur re
placing the- scaling process, 
and ending execution of the 
instruction. 

Sealing a number left one place is equivalent to 'multiplying 
that number by two.Scallng rlght one place is equivalent 
td dividing by two. The Mark I can shift flveplaces in one 
basic machine cycle (8.1 microseconds). 

'EXAMPLE:, 'orm Z =3X + 8Y. Assume X is in memory location 1234, Y in 12S5, 
. and' Z 1n lISe. I 

Mnemonic O.P. 
Code 'Code 

LD ' , 20 
SCI. 10 

ADD 01 ' 

lab 10 

ICl. . 10 

ADD 01 

Sf 2S 

',a·10 

Mem. 
Add. 

1234 
1001 

1134 

1235 

0003 

0000 

, 12S8 

A~ithmet1c 
ACCUMulator 

X 
X r ax 
J 
Y 

8Y 

ix + 8Y 

Z 

Salvo -

ax ,. 
ax , 
sx , 
sx , 

I 
C 
I 
I' 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1_ 

m 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

MARK I 

2-19. Shift. 

Mnemonic O.P. 
Class Code Code Address Process 

Arithmetic SFT 11 1--- Same as the "SCALE" in-
SFT 11 0 ... -- struction (paragraph 2-18) 

except that the entire contents 
of the accumulator, including 
the sign bit, will be shifted. 
Zeros are inserted at the LSB 
for left shifts, and. at the MSB 
for right shifts. The control 
code is the same as for the 
scale instruction. 

2-20. Invert Sign. 

Mnemonic O.P. 
Class Code Code Address Process 

Arithmetic INS 13 0000 Reverse the sign (the most 
significant bit) of the accu-
mulator. 

NOTE 

0000 is the only allowed address. 

EXAMPLE: Form Z = X - Y. Assume that Y is already in the accumulator, X is 
in 1234 and Z is 1235. 

Mnemonic 
Code 

SUB 
:.lNS 
ST 

2-21. Absolute Value. 

Class 

Arithmetic 

Mnemonic 
Code 

ABS 

a.p. 
Code 

02 
13 
23 

O.P. 
Code 

14 

Mem. 
Add. 

1234 
0000· 
1235 

Address 

pooo 

Arithmetic 
Accumulator 

Y 
Y-X 
-(Y - X) = X - Y 
Z 

Process 

Make the sign (MSB) of the 
accumulator positive (0). 

2-11 
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-
MARK I 

rtbTS 
0000 is the only lillowed address. 

EXAMPLE: Form Z = Ix - Y/. Assume X.2_8 is stored in memory location 1234 
and Y.2_6 is stored in 1235. It is desired to form and store Z.2_7 in location 
1236. 

Mnemonic O.P. 
Code Code 

LD 20 
SCL 10 
SUB 02 
ABS 14 
SCL 10 
ST 23 

2-22,. Zero Slice. 

Class 

Arithmetic 

Mnemonic 
Code 

ZSL 

O.P. 
Code 

15 

Mem. 
Add. ---
1235 
1002 
1234 
0000 
0001 
1235 

Address 

0000 

NOTE 

Arithmetic 
Scale Accumulator 

2-6 Y 
2-8 Y 
2-8 Y-X 
2-8 IY - xl 
2_7 IY - xl 
2_7 Z 

Process 

If the sign of the number in 
the accumulator is negative, 
make the contents of the 
accumulator zero (including 
the sign bit). If the sign of 
the number is positive, do 
nothing. 

0000 is the only allowed address. 

EXAMPLE: It is desired to form Y = F(X) where Ixi ~ 1 and Y is described by 
the following curve. 

-I Y = kX for X>O 
Y = 0 for X~O 

},.,ssume X located in memory location 1234, kin 1235, and Y in 1236" 

2-12 
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I 
I 
I 

'I 
J 
I 
I 
J 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
'1 
I 

Mnemonic 
Code 

LD 
MLT 
NPA 
NPB 
NPA 
NPB 
ZSL 
ST 

2-23. Conditional Sk!2. 

Mnemonic 
Class Code 

Control SKP 

O~P. 
Code 

26 

MARK I 

O.P. Mem. 
Code Ad.d. 

20 1234 
03 1235 
12 0000 
25 3777 
.12 0000 
25 3777 
15 0000 
23 1236 

Address 

The octal equivalent 
of the number of 
steps to be skipped. 

NOTE 

Arithmetic 
Accumulator 

X 
·X 

X 
X 
X 
kX 

Y 

Process 

Skip the next N instruct ions 
only if the Boolean accumu
lator is 1. (Maximum num
ber of skips in one instruc- . 
tion is 127 .) . The Mark I can 
skip to another skip instruc
tion. 

This is the only form of branching in the Mark I. 

EXAMPLE: IT 18 tbe 'total load current ona power buss and the· problem is to 
add tl, and addtttonalload, to to tbe miJltmum load, U Switch Slts closed. If S 1 
18 C1lo.ed 81 • 1. If 811. open 81. O.A •• ume 81 t. tn the Boolean,accumulator, 
10 t. tn, cor. memory locatlon 1234, and 11 1. tn 12aS. Calculate IT and .tore in· 
1238. 

+ 

2-13 



MARKl 

: Mnemonic O.P. Mem. Arithmetic Boolean 
Code Code Add. Accumulator Accumulator 

LD 20 1234 to 81 
BIN 32 ooo~ . 8 ·1 
8KP 26 000 ] !1 
ADD 01 1235 iO + 11 ·11 
ST 23. 1236. . IT': 10 + i1 .. ·81 

or iO 

2-24. Invert Boolean Accumulator. 

Mnemonic 
·Clus Code 

Arithmetic· BIN· 

O.P. 
Code -
,32 

Address 

0000 -
NOTE 

Procell 

Complement tbe . content, of 
the Boolean accumulator (t.e., 
a1 1s chanled to a 0, and a 
o ts chanced to a 1). 

0000 18 the only allowed address. - , 

EXAMPLE: 

L 

$ . 
I --

L : 8S (Kl+ 8-182) 

81, 82, 8 S, ~,1, and L are in ator .. e locationa 0100 through 0104. 

2.14 

I 
S·! 
I 

·1 
I· 

Ii 
I 
I: 
I 
I 
I 
I 
I 
I 
I 
I 
I 

II a 
I 



24 _. __ lEg qd L! g; 

i 

I 
I 
il 
I 

11 
it 
I 
I 

;1 
'I 
I 
,I 
:1 
I 
'I 
I 
I 

Mnemonic O;P. 
Code Code -
BLD 33 
BIN 32 
BLD 33 
AND 31 
OR 30 
AND 31 
BST 34 

2-25. Flag Negative. 

Class 

Arithmetic 

'Mnemonic 
Code 

FLN 

Mem. 
Add. 

0103 
0000 
0100 
0101 
0000 
0102 
0104 

o.P. 
Code 

16 

MARK I 

Boolean 
Accumulator 

~1 
Kt 
81 
8182 
K1 + 81 82 
S3(Kl + 81 82) 
L 

Address 

0000 

NOTE 

Salvage 
0000 0001 0002 0003 

Process 

Set the Boolean acc umulator 
the same as the sign bit in 
the arithmetic accumulator. 
The previous contents of the 
Boolean accumulator are 
transferred to the salvage 
register B 0000. 

0000 is the only allowed address. 
~ . 

EXAMPLE: Generate Y = kX where 0 ~ X ~ 1, and 
Y = 2kX where .. 1 ~ X < O. 

-I +1 
x ....... 

,I Assume X is in location 1234, and k is in 1235. Calc\llate and store Y in 1236. 

I 
I 2-15 



1 
:! 

Mnemonic 
Code 

LD 
MLT 
NPA 
NPB 
NPA 
NPB 
FLN 
BIN 
SKP 
SCL 
ST 

MARK I 

O.P. 
Code 

20 
03 
12 
25 
12 
25 
16 
32 
26 
10 
23 

Mem. Arithmetic 
Add .. - .... Accumulator 

1234 X 
1235 X 
0000 X 
3777 X 
0000 X 
3777 kX 
0000 kX 
0000 kX 
0001 ] kX 
0001 2kX 
1236 y 

2-26. Index Load. 

Class' 

Transfer 

Mnemonic 
Code 

ILD 

O.P. 
Code 

21 

Address' 

MMMM 

NOTE 

Process 

Same as LOAD instruction 
with the addition that the 
LSB of t .e eleven address 
bits is made to correspond to 
the conten· s of the Boolean 
accumula or. 

Address 0000 is not allowed. By use of this instruction, 
data from either of two locations may be loaded mto the 
accumulator, depending on some external condihon (as 
reflected m the state of the Boolean accumulator). The only 
palrs of adJacent core memory locahons allowed consIst of 
even numbered locations and the next higher number (e.g., 
3776 and 3777; 0900 and 0901; etc.). 

EXAMPLE: Generate Y :: f(X), where f(X) = kX for 0 ~ X ~ 1 and f(X):.:· -C for 
-r~ X < O. Assume X is in core memory location 1234, -C/k is in 1235, k is in 
1236 and Y m location 1237. 

2·16 

I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I' 
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I 
'I 
I 
I 

MARK I 

x 

----..-..l-c 

Mnemonic O.P. Mem. 
Code Code Add. Accumulator 

LD 20 1234 X 
FLN 16 0000 X 

ILD 21 1234 
MLT 03 1236 
NPA 12 0000 
NPB 25 3,777 
NPA 12 0000 
NPB 25 3777 f(X) 

ST 23 1237 f(X) 

2-27. Index Store. 

Mnemonic O.P. 
Class Code Code Address Process 

Transfer 1ST 24 MMMM Same as "STORE" instruction 
plus the same address 
modification of "ILD". 

NOTE 

'Address 0000 is not allowed. 

EXAMPLE:, Y1 = kX for X ~ 0 and Y1 = 0 for X <: 0 
Y2 = kX for X < 0 and Y2 = 0 for X ~ 0 

Assume X is in location 1230, k in 1231, Y1 in 1232 and Y2 in 1233. 

2-17 
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o 
x 

"~ 

Mnemonic O.P. Mem. 
Code Code Add. 

LD 20 1230 
FLN 16 0000 
MLT 03 1231 
NPA . 12 0000 
NPB 25 3777 
NPA 12 0000 
NPB 25 3777 
1ST 24 1232 

2-28. No Address Load (Load Constant). 

Class 
Mnemonic 

Code 
O.P. 
Code Address 

Transfer LDK 22 

EXAMPLE: Calculate Y = kX + C: . , 
X.2-5 is stored in 1234, ' 
Y.2-10 is desired. 
k.2-5 = .86875 
C.2-3 = .8500 

2-18 

o 
x 

Accumulator 

Process 

x 
X 

kX 

The address porUon. of this 
instruction word contains an 
11-bit constant instead of an 
address. This constant is 
always assum'ed to be posi
tive and is loaded into the 
accumulator. The remaining 
12 LSB's of the accumulator 
are set to zero. 

D 
C 
I 
I 
I 
I' 

I'. 
I~ 

I, 
o 1 

I 
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I 
I 
I 
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Mn~monic. ' O.P. 'Mem. 
Code Code Add. 

" 
Scale Accumulator Salvage 

LDK 22 ;8687 2- 5 , k, 
MLT 03 1234 
NPA 12 0000 
NPB 25 3777 
NPA 12 0000 
NPB 25 3777 2-10 kX 
LDK 22 .8500 2-3 C kX.2- 1O 
BCL 10 1005 2-8 C kX.2-10 
SCL 10 1002 2- 10 C 
ADD 01 0000 2- 10 kX+ C 
ST 23 1235 2- 10 Y 

2-29. Conditional StO!?_ 

Class 

Control 

Mnemonic O.P. 
Code Code Address Process ,-
STP 27 0000 Stop the program. Hold clock 

counter at the last instruction 
address. Operates when the 
"conditional stop" switch on 
the Mark I is activated. 

,.1."'1: 

NOTE 

0000 is the only allowed address. This instruction is pro
grammed only in diagnostic routines. It may also be given 
during any program by use of a manual control on the Mark 
I. The program may be restarted at the following instruc
tion by means of the conditional stop switch on the Mark I. 

2-30. Load Boolean Accumulator . 

Class 

Transfer 

MnemoniC 
Code 

BLD 

O.P. 
Code _ ... -

33 

Address 

BBBB 

Process 

Transfer the contents of the 
" Boolean accumuiator to 

Boolean salvage location 
0000. Clear the Boolean 
accumulator and transfer the 
contents of Boolean memory 
location BBBB to the Boolean' 
accumulator. 

,2-19 
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NOTES 

'", '.' .... 

1. Boolean addresses, 0000,0001,0002, and 0003 ate allow
ed. (These are the addresseSOf1he four Boolean salvage . 
registers.) 

2. The address portion of any Boolean lnstrlllction 'Yord, as 
written on the d.rum, is actually a control code which . 
describes the Boolean memory location. This code tells 
which of the 128 main core memory words (that have been .. 
set aside. for Boolean storage) 1s involved, and which of the 

. 16-bits of the word concerned actually lsthe Boolean word 
desired. The four LSB9s of the I1-bit control code (address 
portion of the instruction word) are transferred to the 
Boolean arithmeUc unit to provide bit selection on the core 
memory output register. The first seven bit~ are trans
ferredto the seven LSB places of the core memory address 
register and four zeros are inserted into the four most 
significant places of the register. This process constructs 
a core memory address from 0000 to 012'1 as determined 
by the.MSB's of the control code. The selected word is 
transferred to the core memory output register where the 
particular bit concerned is selected by the four' LSB' s of 
the control code previously transferred to the Boolean 
arithmetic' ac.cumulator . . 

2~31. Store Boolean Accumulator 0 

Class 

Transfer 

Mne1llonic 
Code 

SST 34 

Address 

BBBB 

NOTE 

Process 

Sto~e the contents of the 
Boolean accumulator in 
Boolean core memory loca
tion BBBB. 

Boolean addresses 0000=0003' are not allowed. 
"". 

. . ~ , 

EXAMPLE: X, a quantity whfuh varies from 0 to +1 is stored in 1234. Set a flag 
to determine whether X is greater or less than 0.5·~ and store the flag.in Boolean . 
core. memory location 0100 for later use. 
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Mnemonic O.P. 
Code Code 

LDK 22 
LD. 20 
SUB 0.2 
FLN '16 
B8T :34 

2-32. Boolean Sum. 

Mnemonic 
Class Code 

Arithmetic OR 

,EXAMPLE: 

MARK I 

Mem. Arithmetic 
Add. Accumulator 

4000. .5000 
1234 X 
0000. X-:5o.o.O 
0000 X-.500.0 
0100. X-.5000-

O.P. 
Code Address 

30. XXXX 

Salvage 

.500.0. 

Process 

Boolean 
Accumulator 

X-.5000 flag 
X - . 5000. flag 

Transfer the addressed bit to 
the Boolean arithmetic, unit 
and ADD (OR) with the con
tents of the Boolean accumu
lator. The sum (OR function) 
remains in the Boolean accu
mulator. 

L 

The light,L, is on (1) if 81 or S2 are closed (1). / • L = 81 + 82 
Calculate L and store. Sf is in Boolean location 1234, S2 is in 1235 and L in 1236. 

Mnemonic O.P. Mem. Boolean 
Code Code Add. Accumulator 

BLD 33 1234 'SI 
OR 30. 1235 81 + S2 
BST 34 1236 L 
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2-33. Boolean Product. 

Class 

Arithmetic 

EXAMPLE: 

Mnemonic 
Code 

AND 

+v 

MARK I 

O.P. 
Code Address 

31 XXXX 

~D-S_2---. 

s, 

Process 

Transfer the addressed bit to 
the Boolean arithmetic unit 
and multiply (AND) with con
tents of Boolean accumulator. 
Products remain in the accu
mulator. 

L 

L = 81 82 + 83 (The light is on (1) when we have either 81 and 82 or 83.) 
81, 82, 83, and L are in Boolean locations 0100-0103 

Mnemonic 
Code 

BLD 
AND 
OR 
B8T 

·2-34. Tape 8top Code. 

.Class 

External 

2-22 

Mnemonic 
Code 

TRS 

O.P. 
Code 

33 
31 
30 
34 

O.P. 
Code 

37 

Mem. 
Add. 

0100 
0101 
0102 
0103 

Address 

NONE 

Boolean 
Accumulator 

·81 
8182 
8182 + S3 
L 

Process 

A stop code for the photo 
electric tape reader. Each 
second character on the tape 
will be interrogated for this 
code. 
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SECTION m 

PREPARATION OF PROGRAMS 

3 -1. GENERAL PROG:JlAM 

3-2. Upon solution, a General Program problem is placed on a program sheet 
(Coding and Constant Sheet), punched on paper tape, and wrltten onto t.he General 
Program section of the magnetic drum. 

3-3. Coding and Constant Sheets. The coding and constant sheets are used by 
programmers for general purpose programs. These program sheets are broken 
up into 13 individual columns as follows: 

Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

. Column 6 

Column 7 

Column 8 

- INSTRUCTION NUMBER - Used to count the number of instruc
tions in a particular program. Decimal numbers are used in this 
column. 

.,. MNEMONIC CODE . .,. Abbreviation for the instruction being used 
(i.e., Multiply instruction would be listed in the Mnemonic Code 
Column as MLT). 

.,. O.P. CODE.,. Instruction number (MLT Instruction is 03). Octal 
numbers only are used in this column . 

.,. MEM. ADD. - Memory address of the instruction to be used. 
Octal numbers only are used in this column. 

- SCALE.,. Scaling of the number in the Arithmetic accumulators. 
Scaling is to power s of two only. 

- ARITHMETIC ACCUMULATOR - The number actually being 
operated on. This number is in binary format. 

SALVI .,. Salvage register column. Stores the contents' of the 
accumulator after a load instruction. 

BOOLEAN ACCUMULATOR - Serves the same purpose as the 
arithmetic accumulator. Used for Boolean instructions only. 

Columns 9-12 - SALVo 1 - SALVo 4 .,. Boolean salvage registers. Serves the 

Column 13 

same purpose as column 7. Bits may shift from one register to 
. another. 

- REMAI,U{S - Used for brief explanation of instruction where . 
necessary. 

3-1· 
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3-4. 'Tbecomplet~d program on the Coding and Constants Sheets is punched on 
paper t8.pe by an electrical keyboard. ,The keyboard, which resembles a conven-

, tional desk calculator, elilninates the ,need for punched card inputs t9 the tape 
preparationunlt. ' 

3-5.0ata Format. All instructions will ~'written into the keyboard using six 
'octal dlilts: Most-Significant Code digit first,s~cond code digit, then address, 
Most Significant Digit ' first. ' 

3-6. No-Address Load Instructions (LDK), will require a keyboard entry of Octal 
"22" to activate a fractional decimal~to .. ~tal translator. The four digit fractional 
decimal number wUl then follow, '001111 entered through the keyboard. 

3-'1. Boolean Instructions will have the address portion tabulated 0000 to 3'1'1'1 
(Octal)" which represents 128 l6-bit words. All remaining instructions will ~ 

'writtenu two-digit code arid four-digit address or control word. 

3-8. An exampl~ of a General Program Computer Word and binary equivalent 18 
shown In' figuJ:,- 3r,1 where dn represents each octal digit, "O"stands for binary 
bits notrecogntzed" lUld "X"represents valid bin'arybits. ' 

, 'I 

41 

OXX 

dS 

OD 

. Ftpre 3-1. General Program Computer Word 

3-9. ~.ch a.,ral Procram Computer Word occupies two lines of punched paper 
tape, eub U",~capa.ble otholding eight binary digits. A punched holes in the tape 
signifi~2il a. 9n~, ~d a bl~, zero. Tape format for a General Program Computer ' 
Worc:t~ illWlt~~d in figure 3-2, where "C" is the O.P. Code and "A" is the 
address~ , , 

C'C C C C • A A A 

AAAAAClAAA 

Figure 3-2. 'rape Format, General Program Computer Word 

3-10. A s~1'-~ .general Program forming the equation I :i: E/R is illustrated in 
figure 3 3. Part (Alis the formation of the equation on a "Coding and Constant" 
sheet, and:Part (B) lis the same program on paper tape.-

< , ' 
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c.,,:) 

I 
c.,,:) 

- - - -
DATE APRIL 23, 1963 

PROBLEM CURRENT m COMPUTATION 

PROGR_ER ,IOHN DOE 

F.22t •• A 

MNEMONIC ,"' MEM. I NSTRUCT I ON w 
... 0 .J 

NlJllBER CODE .0 ADD. < ou u 

'" 
I • 3 • 5 • 7 • ,I .. 13 

o 1 LD 2'Q 112 0 E 

o 2 DlV 06 '2 ~L( 

o 3 NPA 1 2 In n n 

04 NP~ 2 5 3 '1 '1 ~ 

o 5 NPA 1 '2 o OO'Q 

o 6 NPB 2 5 3 7 7 ~ 

- - -

ARITHMETIC 
ACCUMULATOR 

E 

...E 

F 

F 

E 

EJR 

- -
CODING AIID CONSTANT SHEET 

MARK I COMPUTER 

BOOLEAN ,;. 
.J ACCu.lULATOR 
< 
'" 

.. 

- .. 
.;. .;. 
.J .J '" .. .. '" 

.. - - - - -
PAGE ---1- Of"----L-

.. .. 

.;. .; 

.J .J 
REMARKS < .. .. .. 

Load E Into the Arithmetic Accumulator 

Dlvltl" th .. Cont"ntA of the 4. ~vR 

, 03_OR TI~ .. n tn Glvp TI~.,T ... 

ComDlete nivlnp 

o 7 ST 2 3 o 7'1 ~ 1 EJR Stor" th" Cont..ntA I'lf th .. k~umul"tm' In th .. U ..... nrv T ,n~.tl. n< 

I. 

. 

" 

Figure 3-3. General Program Part A - (Coding and'Constant Sheet) 
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Figure 3-3. General Program Part B - (Punched Paper Tape) 

3-1 L INTERPOLATOR PROGRAM. 

3-12. Solutions of flight equations are placed on "Linear Function Interpolator 
Data Input Sheets", punched sequentially on paper tape, and put into the interpo
lator bands of the magnetic drum. 

3-13~ Linear Function IntereolatC?: .. Data Sheet. The Linear Function Interpolator 
Data Sheef is divided into two sections. The first section contains information 
concerning the number of variables, whether the variables are indexed scaling of 
variables, etc. The second section contains the location of the breakpoints. The 
first section is further broken-down into cards 1, 2, and 3. This is done for con
venience where punched cards and a cud reader is used in conjunction with the 
tape Preparation Unit. , 

3-14. A standardized procedure is required to fill out the LFI input sheets to 
maintain full usage anduniformityil1 all interpolator programs. The standard form. 
of each item on the LFI input sheet is presented as follows: 

'3-4 

CARD 1 

Function Numbers " the function number space has twelve blocks 
assigned. The first three blocks will be used to show the numerical 
function number. The second three blocks are used for the first vari
able input number, the third set of three blocks for the second variable 

, ' 
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inp:t,lt number, and the last three blocks for the third variable input 
• number. Functionnumbers are arbitrarily assigned by the pro
grammer. These numbers may be written either decimally or octally 
on the input sheet. ~n example of a thre~ variabl~ function number 
follows: 

f40 M(12), a e(11), a se(l~) would be written as 
040002 009022 decinlally 'or ' . 

, 050002 01102G octally where the input number for M(12) is .2, a e(ll) is 
9, and a se( 11 hs 22. The function number used is 40~ , 

The programmer should be consistent when writing the function num
ber. If the decimal numbering system is used for the function number 
in the rest of the interpolation program, it should be used in any new 
programs. The same holds true 'for octal numbers. 

Sort Number ~'This number is any convenient combination of alpha
, betics and numerics which describes the order of this card. Two 
',alphabetlcs and three nWt,lerics will be used. (This is only used With 
p\1nched cards and C~d reader.) 

'cAlma 
: '.' J 

X A4.dress - (X ADD) - 'Xhe address will contain the core address (in 
octal) of the independent variable X. If the term is to be b~dexed (the 
same· set of curves and with different inputs), the X ADD will be the 
core address (1n:octal) of th,e, first item to be indexed and must have a 
zero or a four as tbelast numeric in the octal number. The next three 

, serial octal core locations must'be the remaining indexed inputs. ,Core 
location 145 will appear a~ 0145 •. 

Repeat X (RPX) - The number of tim es the X address will appear in 
, the output data. If th~ X 'address is to appear five times, this will be 

written on the sheet as 05. As the present, five will always be used. 

Index X (XXX) - If X is to be indexed, X will appear. If X is not to be 
indexed, the, space will be left blank. 

" , , 

Y Addrt1'ss (Y ADD) - Similar to X address except this is for the sec
ond variable in a two or three variable function., For a single variable 

, this will be left blank~ 

, l\epeat Y (RPY) ... The number of times the Y address is to appear ill 
, the o\1tput'data. Five is ,the only number used at this time, and it would 
appear on the input sheet as 05'. These blocks are oilly used for a func

. tion of two or three variables. 
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Index¥ (lXY) ..,; If Y is to be indexed;Y will appear .. This will be filled 
out ol11y ,if this is a function Qf',two or three variables. 

Z Address (Z ADD) !'" SimUar to X ADD except',forthe tIrl.rd variable of 
a three variable 'function. ,For single or' double variable functions tbls 
will be left blank., - , 

RepeatZ(RPZ) ~ The number of times the Z'addresa is toap~ear in 
" the output, data. Five is the only nUmber used at this timeandwouldap ... 
,pear on the input sheet as 05. This will be fWed out only'fora,thr,ee', 
variable function..' , 

Index Z (IXZ) ... If Z 1" tobelndexed, Z will appear to be fU1ed out 
,only for a function of three variables. ' 

Sort Number ... Number used to signify the order of this card in,them-
put data. ' 

CARDS 

Answer Address (A ADD) '';' The,'answer ad~ess,wW-contain the core 
address (in octal) where the answer (dependent variable) will be lo
cated. For functions which are being indexed, the answer addre~s w11.l 
be that ofth-e first answer and the core location in octal must have a 
zero or afoUl' in its last, numeric. ' The, next three, core locations will 
be the indexed answers. 

" " ' \ 
Repeat answer ,(RPA) - 'The number of times the, answer is to appear in: 
the output daUj.. 'Five is the value of the number to be, used and will ap- ' 
pear on' the ,input sheet as 05,. ' ' , 

Computer time (CT) .. The number of words consisting of all zeros that 
is ,to appear in the output data. 02, 04, or 06 will be used for a function 
of'one" two, or thr,ee,variables, respectively. 

Decimal Point (DP) ... ' The number of places the decimal polnt in the , 
, input. data lsto be shifted" The dec1J;nal point in the input data ls always 
at the extreme left. 50 wrltten tn these blocks implies no shift, 51im ... , 
plies a ,decimal point shift to the, right of one place, 52 means a shift to , 
the right of two places, 49 means a shift to the left of one pl~ce, 48 shift 
left two places, etc. 

Scale (BC) .. , The proper power, of two. ,05 implies that the adjusted ' 
dec11nal number is to bedlvlded'by 32,+07 means the adjusted decimal ' 
number is to be divlded byO.0078125. As an example" if the largest 
decimal number for this function Is15.87 ,the scale factor Is -04; or if 
the large.t decirilal number Was 0.007753, the scale factor would be,+:07 ... 
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Sort Number -: Signifies the order of this cardiIftheresultartt card deck. 

The lower half of the input sheet contains 81 blocks for the independent 
variables. Since a single variable has nine data words (fO,.f1/8,£1/4, 
f3/8 .... fLO), a single page may contain all the data words for. a two 
variable function (9 x 9 = 81). A three variable function would have 729 
data words (9 x 9 x 9) and require nine input sheets to show the whole 
program. 

3-15. Information contained in this section is in decimal form. Prlor to being 
punched on paper tape, it must be divided by the appropriate scale number and 
converted into octal numbers. 

3-16. Data on the Linear Function Interpolator Data Input Sheets is punched 
sequentially on paper tape using an electric keyboard which is part of the Tape 
Preparation Unit. 

3-17. Interpolator Words. Interpolator words written into the keyboard are 
divided up into instruction words and data words. 

a. Interpolator instructions are written into the keyboard as follows: 

O~ When a flag bit is written in the most .significant bit pOSition (bit 11L 
a separate manual key (F) shall be operated prior to writing the instuction. 

(~) For a control instruction word, four octal digits shall be written: 
Zero; variable value 1-3; zero; variable value 0-7, Largest number possible 
wou14 be.Q307,; 

(3) For an address instruction word, four octal digits shall be written: 
most Significant digit first, with values: 0001-1777. The binary equivalent of 
interpolator instruction words is shown in figure 3-4~ where F is the flag bit, 
dn are octal digits, 0 is a bit not recognized and X is a valid binary bit. 

F 

dl 

OOX 

1 7 

da 

XXX 

7 7 

Figure 3-4. Interpolator Instruction Word 

b. Interpolator data words shall be written as follows: 

. (1) The flag bit shall be written in the identical manner as the interpo-
lator instruction flag bit and shall appear with the first data word only. 
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(2) The data words shall bewriUen with four decimal digits, in fractional 
decimal form, the most significant digit first~ with'values: ' ,0000 .. ,9999. These 
data words are internally translated to a t-en-bit fractlonalbinary equivalent, with

. out roundoff. The binary/octal equivalent is Ulustrateq. in figure 3-5~ where F is 
l t the flag bit, dn are octal digits, 0 is a bit not recognized and X is. a valid bit~ 
t 

;, " 

dl da d3 d4 

F
t 

XXX XXX X~ XOO 
i 

7 7 7 4 

Figure 3-5. Interpolator Data Words 

3-18. Interpolator Tape. An interpobitorprogram is divided into several zones on 
paper tape. The least number of zones allowed is six for a single variable func ~ 
tion, seven for two variable functions g and eight for three variables. These zones 
are as follows~ '1 

Zone 1 ... Control Word - One word~ the first bit of which is always one 
(flag bit) and the second bit always zero. The tape format for a control 
word is shown in figure 3 -6, 

D Jl) D D F. 0 0 X 

XO 0 0 X.XXO 

Figure 3-6. Control Word Tape .Format 

D represents the dummy code which is always 0111 and is located at the 
beginning of every interpolator word. F is the flag bit which is always 
1 in the' control wordg 0 is bits not recognized and X is valid bibi~ The .. 
binary/octal format of the control word is shown in figure 3 .. 7. where 
octal word A is the flag bit, octal digit C is not used, and octal digits B 
and 0 are coded words. Octal digUB tells whether the function 1s of 
one, two or three variablesg D tells which of the variables are ind~xed. 

A B Ct D 

FO XXX 000 XXX 

Figu're 3-7. Control Word Binary/Octal Format 

Octal digit B is code~ as shown in table 3 .. 1. 

Table 3-1. Control Word~ Octal Digit B Code 

Number of Binary 
Variables Equivalent 

1 
2 
3 

, \ 

001 
010 
011r 

I' 
I; 
I; 

I 
I 

'. 

I·: /. 
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Octal digit D is coded as shown in table 3-2. 

Table 3..;2. Control Word, Octal Digit D Code 

Indexed Binary 
Variables Equivalent 

None 000 
X 001 
Y 010 
X,Y 011 
Z 100 
X,Z 101 
Y,Z 110 
X, Y, Z 111 

Zone·2 - Consists of five identical words. It is the core memory 
location of the independent variable X. The first word in zone 2 always 
has a flag bit and all five words have the dummy cede. The binary 
equivalent of zone 2 words is shown in figure 3-4. 

Zone 3 - Identical to zone 2 except that it contains the address of the 
independent variable Y. . 

Zone 4 - Identical to zone 2 or zone 3 except that it contains the address 
of the independent variable Z. 

Zone 5 - The data field consisting of the sequentially stored data words 
which describe the function at fixed breakpoints. The first word in this 
zone always qontains a flag bit, and all words have a dummy code. The 
binary equivalent for the words contained in this zone is shown in figure 
3-5. . 

Zone 6 - Blank words used to allow the computer time to finish the 
interpolation. The first word in the zone always contains a flag bit (F) 

. and all words contain a dummy code (D). Tape format fora computer 
'. time word is illustrated in figure 3 -8. 

(D) (F) 
__ .A..~_"" 
r 0 X X X' X . 000 

o 0 0 0 0 . 000 

Figure 3-8. Computer Time Word, Tape Format 
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Zone 7 ~. CO~~ •. thf cor&meJ;norya.ddl'eSs "her. ~bere.ult Of tbe inter-
. polationf(X,l ,2) 't. to be stored. Tbe address 'i,repeated f~ times. . . 
Theftrlt worc:l alwa,s. co~t.llllJ a t~ ·b\t $1\4. all fQqr "O~8. have a ~Plm.Y. 
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I DATE 6 -26-63 LINEAR FUNCTION INTERPOLATOR PAGE NO. I 
6ATA INPUT SHEET 

REV.-- REP.NO. 

I 
I 

0 ~~~~ON (01019101012) I_I III I IAI~191g1 n CAIID I 
I 

I 
0 x Aoo\11112131 R'X \0151 'Jnc D v ADD I 1 I I I RPVITJ CAIIO 

IXY 0 Z AODI I I I I fIIPZITJ 'XZD SoRT NO.· I 1 1 I I ] 
t 

I CAIID 0 A ADO 111517161 APA 10151 c{0121 OPf£]] Ie 1-10131 
SORT NO. I I I I I I 

I 
I ICOOE'~ 

t 0 100Q( 

I· 
.2 1.0 baoG 
3 

2.0 I,nnr 

I • 3.0 I40rr 
5 .4.0 1540C 

J 6 5.0 E,50C 
7 6.0 17200 

I I 7.0 1r60C 
• 8.0 

1_- -. 
HIX) 

I (MDt«). W UJ LlJ UJ W.UJ LlJ W W 

I 
I 

RE'£RENCEi 

I 
I 

NO. CHANGE NAME DATE 

I' 
:1' 

Figure 3-9. Interpolator (Part B - Data Input ~heet) 
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TAPE LEAGER 

7 DUVUY CODES 

COl--lTQ.OL WORD - ZONE \ 

X ADDRESS - .1123 
ZOI-JE. 2 

DATA WORDS .. .. 
ZO~E 5 ... 

... .. .. 

... 

... .. 

f(O)= .0000 
f( ~)= .0630 

. ;U)= .2000 
f( ~)= .4000 
to:);· ~314 
f( ~)=. 6400 
f( })=.7150 
f( ~) =. 7-H:A 
t{ 1.0)=. 7774 

COMPUTER 'TIME - ZONE b 

ANSWER ADDRESS - 1576 
ZONE 7 

ANSWER ADDRESS - ZONE 0 

Figure 3-9. ,Interpolator Program Part C - Punched Paper Tape 
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3-19. A sample ~nterpolator program involving a one variable functions is as 
follows~ Figure 3 .. 9 Part (A) illustrates a graph of a certain function; Part (B)~ 
the data which would be contained on the Linear Function Interpolator Data Input 
Sheet; Part (C) the corresponding program punched on paper tape. 

3-20. RADIO AIDS PROGRAM. 

3~21. Information pertaining to Radio Aids preselection is placed on a Radio 
Facility Data Sheet punched on paper tape and loaded onto the Radio Aids band of 
magnetic drum. 

3-22. Radio Facility Data Sheet. The Radio Facility Data Sheet is 'divided into 
three sections~ Card tH~ Card #2 and Card #3. The breakdown of the sheet into 
card numbe.rs is for convenience where punched cards and a card reader are 
used in conjunction with the tape preparation u.nit. 

3-23. A standard procedure is required to fill ou.t the Radio Facility Data Sheets 
. to maintain fu.ll usage and uniformity in all Radio Aids programs. The procedu.re 
for completing the Radio Facility Data Sheet follows: 

Card =11:1 

ALL-TYPE-Six characters- fill in starting at extreme left. Any unused 
spaces will appear on the right. This will be filled in for all types of 
Radio Aids. ' 

EXaU,lple:ILS would appear as ILS 

ALL-CALL LETTERS - Seven characters -' fill in starting at extreme 
left. Any unused spaces . will appear on the right. This will be filled in for 
all type Radio Aids. Two or three alphabeUcs will usually be written, but 
for FM,BONE~ Z~ and LFM~ numerics will be written. A three will repre
sentadash and a one will represent a dot~ 

Example: a. ACY would appear as A C Y, 
b, . 0-.- would appear as 13.13 .. 

ALL-LATITUDE (POint of Touchdown) - Seven digits - one digit for sign, 
two digits for degrees~ and four digits for fractional parts qf a degree. 
N4.2256 degrees would appear as +04 2256. This will be filled in for all 
types of Radio Aids. 

ALL-LONGITUDE (Ppinl of . Touchdown) - Eight digits - one digit for 
sign, three digits fotdegrees~and four digits. tor fractional parts ofa 
degreeO-E'14,8279 degrees would appear as +0'14 8279. This will be filled 
in for all types of Radio Aids .. 
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ALL-ELEVATION (Feet) .. five digits, 518 feet would appear as 00518. 
This will be filled in for all types of Radio Aids. 

LF, LFRR-POWER - four digits. 512/2048 would appear as 0512. 2048's 
considered max power equivalent to 480 NM range. Thus 512 = 120 NM or 

. 1/4 MAX RGE. This is filled ,in for types 6 and 7. -(See Appendix A.) The 
type is the most significartt digit of the sort number. 

ALL-FREQUENCY - (MC or KC) - four digits filled in for all types. 

a. 400 KC would appear as 0400, for types 6 and, '1, but for types 4 and 5 
the decimal point will be after the third significant digit. 117.5 would 
appear as 1175. 

b. A special code will be used for types 1~ 2, and 3. 

(1) Zero to full scale is 0700. 

(2) One-half to full scale is 2700. 

(3) Zero to one-half s~ale is 0300. 

VHF, LFRR-COSINE MAG. VAR. (Cosine magnetic variation) - four 
deCimal digits. Filled in for types 5 and 7. 

., 

ILS-RL-RTG +1000 (runway length minus distance from threshold to touch
down plus 1000 feet) . This represents the distance between TD and 
Localizer in feet - 5 digits~ 9971 would appear as 099710 Filled in for 
type 4 only. 

ALL-COSINE LATITUDE - Cosine of the latitude in the input data; fQur 
digits with decimal point at extreme left~ Filled in for . all types. 

ALL-SORT NUMBER - any convenient combination of aU.phabetics or 
numerics that describe the order of this card (where used). This number 
doeS not eriter in the computation. Filled in for all types. 

Example: 6 N~ BGM 10 In this.sample 6 represents the type facility, NY 
the state,BGMthe call letters, and 1 the card number. 

Card #2 

MARKERS ... SINE AXlS, - sign and four decimal digits. Axis of facility 
is measured positive clockwise from north (negative measured countet
clock,wise from I\Orth). If the angle is between 0 and +'900, sign of the sine 
is positive. If the angle is between 0 and -90°, the sign of the. sine is 
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negative. D~cimalpoint of the sine is always assumed to be at the 
extreme left~ +.0156 would appear on the form as +01560 Filled in for 
types 1~ 2 and 30 

bo COSINE AXIS - Sign and four decimal digits. Axis is measured 
positive clockwise from northo Sign of the cosine is always positiveo 
The decimal point of the cosine is always assumed at the extreme lefL 
+00156 would appear as +01560 Filled in for types 1~ 2 and 30 

VHF - ao MAGo VARo (Magnetic Variation) ~ write in directlyo 

bo SINE MAG 0 VARo - five digUs~ one digit for sign~ four digits 
for the decimal value of the sine of the magn~tic variationo An 
east magnetic variation would have a plu.s sig.n~ and a west 
magnetic variation wou.ld have a minus signo 

ILS - Cross ou.t facilities not associated with. the U.s installationo 

a~ RNWY BRG (MAG) - Magnetic runway bearing in degrees with 3600 

magnetic northo Write in directly 0 

. bo MAG V AR - Magnetic variationo Write in directly 0 

CO RNWY BRG (TRUE) - True runway bearingo Write in directlyo 
(TRUE = MAG + Mo Vo) ... for East~ ~ for Westo 

do SIN.EBRG ~ Sine of the true runway bearing. One digit for the sign of 
the sine and four digits for the numerical value of the sineo 

eo COSINE BRG - Same as do except cosineo 

£. GiS - Glide Slope Angle (degrees) - three digitso The decimal point 
is assumed to be after the first digito 4011 degrees would appear on the 
input sheet as 411. Filled in for type 4. Maximum angle 4099 degrees~ 
minimum 2.00 degrees. . 

LFRR - aoMAG. VARo ~ Magnetic variation - same as previously. 
explained. 

bo SIN'E AXIS Five bits~ one bit for sign and four bits for 
magnitude 0 

CO COSINE AXIS - Five bits~ one bit for sine and four bits for 
magnitude 0 

do LEG NOo =.MAGo B~G and DIA 

3-15, 
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(1) LEG NO. - The four A~N course legs. The leg numbers are 
countectclockwise starting in the northerly quadrant. 

(2) MAG. BRG - Magnetic Bearing, write in directly. 
\ ' 

(3) DIA - Diamete'r of the circular radiation patterns. Consist 
of four decimal digits with the decimal point at the extreme 
left. ' 

ALL - a. MISC - Miscellaneous - six bits to be used whenever necessary 
(i.e., simulating certain foreign facilities). If none usedp leave 
blank. 

b. SORT NO. - Same as Card #1. ' 

Card #3 

SIMULATOR NO. - any convenient seven character array that describes 
the simulator being worked on. This number does not enter into the 
computation. 

BASE ADDRESS j J NUMBER ~ base address wHl be a four digit number 
and J will be a two digit number. The base address is the octal drum 
address of the start of the preselect data for this facility, and the J number 
is an octal number ranging from 00 to 37. A base address of 540 and a J 
number of7 will appear on the sheet as 0540 07. Filled in for all types. 

SORT NO. - Same as Card #1. 

3-24. processing Type Code 1 and 2 Inputs (1 = MM, 2 = OM). Each card of out
put for the radio aids will contain up to a maximum of seven character words. 
Each output card, in addition to the requ.ired numerical octal information, will 
contain the following: ' 

a. Ca.llletters -" max~,seven alphabetics or, numerics. 

b. Type -. max.~ix alphabetics, 

c. Card number -,', two numerics, 

d. Octal address - four nl.lmerics. 

e. Simulator - max seven alphabeUcs or numerics. 
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This output data will be punched out from what appears in the input data. 
The remaining two words on the card will be occupied by octal. information. 

3;"25. Preselect Data - The preselect data will be placed on punched cards as 
follows. There is one word punched on each card, therefore Card 1 = Word l~ 
etcb' 

",.', 

Card 1. The first two octal words of the preselect data for outer marker 
or middle marker inputs will consist of the data listed below. Items ~ b~ 
c, d and e will be punched on the card. The remaining two words will be 
all zeros. 

At least 011e space will separate the two octal words. Call1etters~ type, 
and simulator number will not vary from output card to output card for 
each station~ but card number and addresses will. For this card~ the card 
number will be land the address (ADDRESS) will equal the base address 
in the input data. 

Card 2. The second card to be punched will consist of the same data that 
. was punched on the first card, except the address will be incremented by 
one (octal) ~ and the card number will be 2. The two octal words will be 
000077 330000 and 200077 330000 or 000037 330000, depending upon the 
valu.es in the frequency inpu.t field. (See table 3-3.) 

rable 3-3. Input Frequency versus Octal Output 

.... In.put9ard Frequency 

0700 

2700 

0300 

Octal Output 

000077 330000 

200077 330000 

000037 330000 

Card 3. The third card to be punched will be similar to Card 2 except the' 
address will be incremented by one and the card number will be 3. The 
two octal data words will consist of latitude lower and latitude upper ~ which 
will be formed as follows: 

a. The latitude lower and upper will be formed respectively by subtracting 
the size to lower latitude from the latitude, and by adding the size to 
upper latitUde to the latitude. Table 3-4 gives the size to upper and 
lower latitude, longitude, and frequencyo 
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Table 3-4. Size to Upper and Lower Limits 

OM, MM, Z, LFM 

BONE, FM . 

ILS; ILSDME 

MVRTAC, TACAN, 
UHF-DF, LVR HVR, 
MVR,HVRTAC 

LOM, LMM, RBN, 
BC,LFRR 

Latitude 
(Degrees) 

±0.1000 

±0.6667· 

±1.0 

Power 
258 

Power 
256 

Longitude 
(Degrees) 

±0.1000 

±0.6667 

±1.0 

Power 
256 

Power 
256 

Frequency 
(KC) 

Not applicable 

Not applicable 

Not applicable 

Not applicable 

06 

b. The two octal words will be formed in the following manner. The lower 
latitude will be divided by 256 to produce a seven digit decimal number 
from 0000 to .9999999. This number will be multiplied successively 
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by two~ to produce a ten bit binary number which are the ten :most 
Significant bits of the resultant 20 bit number. After division by 256, the 
upper latitude will form the ten least Significant bits. The resultant 20 
bit binary word will be converted to two octal words as follows: 

Octal Word 1 

a. 1st character - beginning of word definer 

b. 1st two Significant bits - form octal digit 0 to 3 

c. next three bits - form octal digit 0 to 7 

d. next two bits - form octal digit 0 to 3 

e. next three bits - form octal digit 0 to 7 

f. next three bits - form octal digit 0 to 7 

g. next three bits - form octal digit 0 to 7 

I: 
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Octal Word 2 

h. next two bits - form octa.ldigit 0 to 3 

L next two bits form octal digit 0 to 3 

Four zeros will make up the last four digits of the second octal word. 
This condition is true for the second octal word of all data. 

Card 4. The same process that was used on Card 3 can be used to form 
Card 4 except the sizes will be divided by cos latitude before they are 
Sltb~racted or added to longitude. The lower and upper longitude will be 
formed with a 20 bit number and converted to octal in the same manner 
employed with Card 3. Again~ the base address will be incremented by one 
and the card number will be 4. 

3~26. Data Words. There are four data words for the:outer or middle markers. 

a. Data Word A - latitude - 19 bits~ with a leading sign bit (0 = plus~ 
1 = minllls) 

b. Data Word B - longitude - 19 bits$ with a leading sign bit (0 = plus, 
1 = minus) 

c. Data Word C - sine (10 bits) cosine (10 bits) 

d. Data Word D - ten leading zeros and elevation +1000 feet (10 bits) 

3-27. Each word wUI be defined by two octal words y as was the preselect data. 
The call letters~ type~ card number ~ base address and Simulator will also be 
punched on the card. 

Card 5. The caliletters~ type and Simulator will be punched the same way 
as in Cards 1~ 2, 3~ and 4. Two hu.ndred will be added octally to the base 
address +J to form the octal address for this card~ and the card number 
will be five. The two octal words representing latitude will be formed in 
the following manner: The latitude, which was stored when the input data 
was read in$ will be divided by 256 and converted to a 21 bit pure binary 
number by successive mtrltipUcations by two. The first two most signifi-' 
cant bits will be ignored~ the most Significant bit will be made a zero~ and 
the 20 resultant bits will be converted to octal in the same manner as 
Card 3. 

Card 6. The same as Card 5 except that longitude will be converted to two 
octal words after division by 256. The most significant bit will be made a 
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one instead of a zero as in Card 5, The octal address will be formed by 
oct ally adding 40 to the octal address of Card 5~ and the card number will 
be six, 

Card 7. The card number is seven, The address is octal 40 plus the octal 
address of Card 6. The Sine and cosine of the axis which is contained in the 
input data will be converted to binary and then to octal in the following 
manner: the sign of the sine will form the most significant bit. The re
maining nine bits of the sine will be formed by multiplying by two, nine 
times. The cosine will be treated in the s~me manner to form the ten least 
significant bits of the 20 bit word. The 20 bits will be converted to two 
octal words forming data word C. 

Card 8, The card number is eight, and the octal address will be octal 40 
plus the octal address of Card 7, The 20 bit elevation word will be formed 
of the six miscellaneous bits and four zeros~ dividing the elevation +1000 
feet by 16,384, and multiplying by two ten times to produce the remaining 

, ten bits. The 20 bits will be converted to two octal words forming data 
word D. 

3-28. ProceSSing Type Code 3 Inputs (Fan Z Marker). This program will be used 
, to process FM, Z, BONE or LFM. The input data is the same as that used with 
, type Codes 1 and 2. 

,3-29. Preselect Data. Formation of the preselect data will be exactly the same 
technique used for type Codes 1 and 2, 

3-30. Data Words, Data words A~ B, and C will be formed in the same manner as 
type Codes 1 and 2. In the case of data word D~ instead of the first ten bits of the 
20 bit word containing six miscellaneous bits and four zeros~ the first four bits 
will be formed according to the type of facility as shown in table 3-5. 

, 3 .. 20 

Table 3.;.5, First Four Bits of Data Word D (Type Code 3) 

Type 

LFM 

BONE 

FM 

z 

Binary Bits 

1000 

0100 

0010 

0001 
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3-31, The remaining six bits of the ten most significant bits of data word D will 
be "padded" wi\h zeros, The ten least significant bits will contain elevation and 
will be formed in exactly: the Same manner as the tert bits representing ,elevation 
in Type Codes 1 and 2, ' 

3-320 Call Letter Generation, Call letters must be generated in this program in 
addition to the preselect and data words, There are four 20 bit words of call 
letters~ although only the 16 most Significant bits of each word will be used, The 
remaining four bits will be miscellaneous bits and/or zeros, 

3-33 0 When a Z marker facility is to be Simulated, 16 ones would be used) 
making the first octal word for Cards, 9~ 10~ 11 and 12 equal to 373777, 

Card 90 This card will contain the four most Significant MlSC bits, They 
will form binary bits 17 ~ 18~ 19 and 20, These are converted to be the 
first two octal bits of Card 9vs second octal wordo The remaining four 
octal bits will be zeros, 

Card 100 This card will contain the two least significant MISC bits which 
will form binary bits 17 and 180 These bits are converted to the first octal 
bits of Card 10v s second octal word, The remaining five octal bits are 
zeros. 

Card 11 and Card 12 will have their second octal word equal to 000000. 

3-34: If any of the other types of fan markers (FM~ BONE or LFML are to be 
simulated~ the call letter words must be generated from the numerical information 
contained in the input data word representing the call1etterso (A three will 
produce three ones followe'd by a zero, A one will produce one 1 followed by a 
zero.) The program will continue to follow this process and count the number 
of bits it has formed starting with the most significant digito A one will be 
subtracted from the counter after the last. numeric is processed, 

3-350 When all the bits are formed, the computer will divide the count into 64 to 
determine the quotient and the remainder 0 

a, If the qu.otient is less than or equal to the remainder ~ the remainder 
will be divided by the quoUent~ and the integer obtained will be the 
number of zeros placed between the call letters and after the last call 
leUero The call letters will be placed in the 64 bits "tl!e number df times 
specified by the quotiento 

bo If the quotient is greater than the remainder 9 the quotient will be 
reduced by one~ and the count will be added to the remainder 0 
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c, If the reduced quotient multipUed by five is less than or equal to the 
accumulated remainder, the remainder will be divided by the quotient. 
The integral result will be the number of zeros inserted between the call 
letters in the 16' bit words. Any uneven number of zeros left over will 
appear at the end of the last call letter. 

i' 

d. If the reduced quotient multipUed by five is greater than the remainder, 
repeat steps b and c. 

3-36. The 64 bits will form 16 bits of four binary words. The four least signifi ... 
cant bits (1'1 i 18, 19 and 20) of the first word will be the four most significant 
MISC bits. The 17th and 18th bits of the second word will be the two least signifi
cant MISCbits. All remaining hits needed to form four 20 bit words will be zeros. 

3-31. Processing Type Code 4; Inputs (I~.m.. 

3-38. Preselect Data. The preselect data will consist of two octal words consist
ing of zeros on the first output card. The second output card will consist of 
frequency in the first ten bUs. The first nine will be as shown in table 3=6. 
These same nine bits will be the 11 through 19 bits inclusive of the frequency 
word. Bits 10 and 20 are illustrated in table 3-7. 

Table 3-6. Type Code 4 Frequency Bits 1 thru.9 

Frequency Bits 1 thru 5 Frequency Bits 6 thru 9 

108 10100 .0 1000 

109 10101 ,1 0100 

110 11010 .2 1010 

111 11011 ,3 0101 

112 11100 .4 0010 

113 11101 .5 1001 

114 01110 .6 1100 

115 01111 .7 0110 

116 00110 ,8 0011 

117 00111 ,9 0001 
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Table 3 ... 6. T.ype Code 4 Frequency Bits 1 thru 9 (Cont) 

Bits 1 thru 5 Frequency 

10111 

01010 

01011 

Table 3 -7. Type Code 4 Frequency Bits 10 and 20 

Type 

U.s 

ILS DME 

Bit 10 

o 

o 

. Bit 20 

o 

1 

Bits 6 thru 9 

Cards 3 and 4 will consist of latitude and longitude lower and upper. 

3-39. Data Words. Cards 5 and 6 will consist of latitude and longitude (20 bits 
each) ~ formed in the same manner as previously described. 

Card 7 will consist of true runway bearing sin and cos~ one bit for sign 
and nine bits for the magnitude of both sine and cosine for a total of 20 
bits. A zero in the sign position denotes positive sign and a one denotes 
negative sign. 

Card 8 will consist of one and zero in the two most significant bits for 
ILS and two ones for ILS DME. The next six significant bits will be the MISC. 
bits from the inpu.t data. The 12 least significant bits (for a total of 20 bits) 
willl;>e elevation. T_b~~le'Vation +1000 in the inpu.t data will be divided by 
13~384 and converted to 12 bit binary. . 

3-40. Call Letters. Cards ~, 10, 11 and 12 will consist of the call1eUers. The 
call letters will be formed once from the alphabetic call letters in the input data 
and not repeated, as in the case with markers. The call letter bits will be formed 
starting with the first word and any unused bits will be "padded" with zeros. 
Spaces between letters will be represented by three zeros as shown in table 3-8. 
There will be a maximu.m of three call letters in the input data. 

3-23 



~......--::---- .---~~--"""""""----- --=--=-~-~ 

I 

I, . 
,. ' .... '. . ..•. ' .. , I.' .' . _ .. ' ~/',: 

[1 
MARK! 

i 
I 

Table 3~8o Call Letter Generation IJ Call Letter Binary Equ.ivalent Number of Bits 
i 

A 10111000 8 I! 
I 

B 111010101000 12 

II 
C 11101011101000 14 I 

I 

D 1110101000 10 I 
E 1000 4 

F 101011101000 12 I 
G 111011101000 12 I 
H 1010101000 10 

I I 101000 6 

J 1011101110111000 16 I 
K 1110~0111000 12 

I L 101110101000 12 

M 1110111000 10 I' 
N 11101000 8 I' 
0 14 11101110111000 

P 10111011101000 14 I 
Q 111011~OlO111000 16 I 
R 1011101000 10 

S 10101000 8 I 
T 111000 6 I 
U 1010111000 10 

V 101010111000 12 I 
I 
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Call· Letter 

x 
y 

z 
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Table 3-8. Call Letter Generation (Cont) 

Binary Bquivalent 

1011101.11000 

11101010111000 
, 

1110101110111000 

11101110101000· 

:Number of Bits 

12 

14 

16 

14 

3-41. The four least significant bits of Cards 9, 10, 11 and 12 w1l1 consist of the 
binary representation of g.1ide path angle, and runway length minus distance 
from threshold to touchdown. Two will be subtracted from the glide path angle in 
the input data ,and the result will be divided by three and con:v~rted to binary. The 
four most significant bits of glide path angle will be placed ih~he four least 
significant bits (17, 18, 19 and 20) of Card 9. The four least significant bits of 
glide path angle will b~placed in the four least Significant bits of Card 10. 

3-42~The eight binary bits of runway length minus threshold to touchdown +1000 
feet after division by 16,384 will be placed in the four least significant bits of the 

. data word on Cards 11 and 12. The four most Significant bits wlll be described by 
the second 'octal word of Card 11 and the four least significant bits will be 
described by the second octal word of Card 12. 

3-43. Processing Type Code 6 Inputs (LF). 
\, 

3-44.' Preselect Data. The preselect data will consist of two octal words con-
sisting of zeros onthe first' output card., The second card will consist of the 
lower frequency in the first tEm most significant bits and upper frequency in the 
ten least significant bits. Frequency will be formed by subtracting the size 
(table 3-4) to lower frequency from the frequency in the input data, and adding the 
size to upper frequency, to the frequency in the input data. The two formed num
bers will be divided by' 2048 and converted to ten bit binary.' Cards 3 and 4 
latitude and longitude will be formed as previously described. 

3 ... 45. Data Words. CardS 5 and 6 will be 20 bit latitude and longitude respectively. 
Card 7 will be the frequency converted to binary after division by 2048. The 13 
most Significant bits will contain frequency (with a leading bit of zero), and the 
seven le·ast Significant bits will be. padded with zeros. CardB. will contain a lead
ing bit of zero. The next nrne significant bits will contain power (divided by 2048) 
and converted to nine bit binary. the last ten bits (Card 8) will contain elevation 
+1000, fQrmed as· previously described. . 
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3-46. Call Letters. The alphabetic call letters contained in the input data will be 
used to generate the 64 bits of call letters, The call letters will be generated 
according to table 3-8. Call letters will be generated as many times as possible 
for one letter calls, twice for two letter calls, with at least five zeros spacing 
between each word, and after the last call letter, Where three call letters are 
used, generate the call only once, 

3-47. The process to be used is explained in paragraph 3-34 to 3-39. The four 
least significant bits in each of the third and fourth call letter wor<;ls will be 
padded with zeros. The first and second call1eUer words will have the MISC. 
bits, 

3-48. Processing Type Code 7 Inputs (LFRR). 

3-49. Preselect Data. The preselect data words are formed in exactly the same 
mariner as used in Type Code 6 (LF). 

3-50. Data Words A, B, C, and D. 

Data Word A - Card 5 - 20 bit latitude 

Data Word B - Card 6 - 20 bit longitude 

Data Word C - Card 7 - The most significant 13 bits (with a leading bit of 
zero), contain the frequency, The seven least 
significant bits are "padded" with zeros. 

Data Word D - Card 8 - Most significant bit = 1, next nine bits = power 
divided by 2048, ten least significant bits = eleva
tion +1000 divided by 16,384, 

3-51. Call Letters, Same as Type Code 4 process, paragraph 3-42 except the 
first 16 bits of the first call letter word will be zero, Remainder of bits will con
tain the call letters formulated once, with zero "padding" for the remaining bits. 

3-52. Data Words E, F, G, and H. These data words are used only in the simu
lation of LFRR facilities. The storage locations of these words can be found by 
utilizing table 3-110 

3-53, Data Word E punched on card 13 will consist of the diameters of the first 
two circles {LEG NO.1 and 2)1 in the input data (ten bits each). Data word F 
punched on card 14 consists of the diameters of the last two circles (LEG NO.3 
and 4), in the input data (ten bits each). 
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3-54. Data 'words G and H, cards 15 and 16, will consist respectively of the sine 
and cosine of the axiS, and the sIne and cosine of the magnetic variation. The 
sine will be made up of one bit for sign and nine bitsfor magnitude. The cosine' 
will always be positive and consist of a zero and nine magnitude bits. These 

• conditions hold true for 'both axis and magnetic variation. 

3 .. 55. Processing Type Code 5 Inputs (UHF/VHF). 

3-56. Preselect Data. The fir,st preselect word will contain 20 bits of zeros. 
The second preselect word is frequency which is formed from table 3-6 except 
that the 10th and 20th bits are as shown in table 3-9. 

Table 3-9. Type Code 5 Frequency Bits 10 and 20 

Type~acilitt ,'" Tenth ,Bit Twentieth.Blt: 

-VR 0 0 

-VR - Te, 0 1 

-VRDME 0 1 

-TC 1 1 

3-57. The third and fourth preselect words will be two 20 bit words consisting 
of latitude and longitude lower and upper respectively. 

3-58. Data Words. 

Data Word A - Card 5 -;lautude (20 bits) 

Data Word B - Card 6 - longitude (20 bits) 

Data Word C - Card 7 - Sine and cosine of magnetic variation. One sign 
bit (either 1 or 0) and nine magnitude bits each. 

Data Word D - Card 8 .,,·Type and elevation. The ~y,pe is formed accord
ing to table 3-10. 
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Type. 

LVR 
MVR' 
HVR 

LVRDME 
MVRDME 
HVRDME 

LVR LTC 
LVR MTC 
LVR HTC 

MVR LTC 
MVRMTC 
MVRHTC 

HVR LTC 
HVR MTC 
HVR HTC 

LTC 
MTC 
HTC 

UHF~DF 

'MARK I 

Table 3-10. Data Word D Type Code 5 

ILS 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 

DME 

o 
o 
o 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

1 
1 
1 

o 

VOR 

01 
10 
11 

01 
10 
11 

01 
01 
01 

10 
10 
10 

11 
11 
11 

00 
00 
00 

00 

UHF-DF 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 

1 

TAC BRG 

o 0 
o 0 
o 0 

o 0 
o 0 
o 0 

o 1 
1 0 
1 I, 1 

o 1 
1 0 
1 1 

o 1 
1 0 
1 1 

o 1 
1 0 
1 1 

o 0 

3-59. Upon completion of the Radio Facility Data Sheeti data preselector informa
tion regarding each radio station is manually precoded into eight or sixteen 20-
bit binary data words. Each word is written on the keyboard as eight octal digits, 
An example of a data-preselector word and binary equivalent is illustrated in 
figure 3-10, where dn is the octal data bits~ 0 are bits not recognized and X are 
valid binary bits. 

d2 ,'", d3 d5 d6 d8 

OXX XXX OXX' XXX XXX XXX OXX, OXX 

: .... ' •.• :.!. ,--:" 

I'" 
I, 
I 
I 
I 
I: 

1 

I'! 
I: 
I,' 
I 
I 
I 
I 
I 
I 

Figure 3-10. Data Preselector Word I 
3 .. 60. Each data preselector word occu.pies three lines of punched paper tape and I 
is preceded by a dummy code. Figure 3-11 illustrates the tape format fora data 
preselector word. 
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D 
f -_...A.-____ , 

0 1 1 1 R R R R D - Dummy Code 

R R R R R R R R R - Data Preselector 

R R R R R R R R 

Figure 3-11. Tape Format, Data Preselector Word 

3-tH. A sample "Radio Facilities Data" sheet for a type 5 is illustrated in figure 
3-12 Part (A). Figure 3-12 Part (B) is the information contained in figure 3-12 
Part (A) as it would appear on paper tape. 

3-62. Figure 3-13 shows the band location in octal of the various radio facilities 
simulated in the Mark 1. (Marker call letters are used for reference only.) The 
symbol J in figure 3-13 and table 3-11 represents the serial number of the indi
vidual station within a group. The J numbers range from 0 to 37, thus the in
formation for the twelfth station is obtained by aSSigning the numerical value 11 
to the algebraic symbol J. 

3-63. Table 3-11 is used in conjunction with figure 3-13 to find the location of 
any part of the facilities being simulated. For example: the sine and cosine axis 
for the middle marker station located at Kansas City, Mo. required a change. Re
ferring to paragraph 3-26 it is found that the sign and cosine axis is assigned to 
data word "C" for Middle and Outer Markers. The formula for locating data word 
"C" is Base Address +J +100. The data word base address for middle markers is 
0200 (figure 3-13) and the J number for Kansas City is 07 . The sine and cosine 
axis can therefore be found at drum location 0307 octal or 0199 decimal. 

3-64. Figure 3-14 illustrates the "layout" o~ the information on the data pre
selector band. All numerics in this figure are in octal form. 

Table 3-11. Data Preselector Word Storage Locations 

Word Card Number Octal Address* 

1 (Preselector Word 1) 1 Base Address -t4J 

2 (Preselector Word 2) 2 Base Address +4J +1 

3 (Preselector Word 3) 3 Base Address +4J +2 

4 (Preselector Word 4) 4 Base Address -t4J +3 

5 (Data Word A) 5 . Base Address +J 
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Table 3 ... 11. Data PreselectorWord Storage Locations (Cont) I 

Word Card Number Octal Address* I 
I 

6 (Data Word B) 6 Base Address +J +40 

7 (Data Word C) 7 Base Address +J +100 

8 (Data Word D) 8 Base Address +J +140 I 
I 

9 (First Call Letter Group) 9 Base Address +J +200 

10 (Second Call Letter Group) 10 Base Address +J +240 

11 (Third Call Letter Group) 11 Base Address +J +300 I 
I 

12 (Fourth Call Letter Group) 12 Base Address +J +340 

13 (Data Word D) 13 Base Address +J +400 

14 (Data Word F) 14 Base Address +J +440 I 
15 (Data Word G) 15 Base Address +J +500 I 
16 (Data Word H) 16 Base Address +J +540 

*All arithmetic performed under this heading is octal arithmetic. I 
I 
I 
I 
I 
'I 
I 
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~ t±I!!±r'±, ±* d t '#'W' rt MW - -

C-' 
I 

C-' 
~ 

- - - - - - - - - - - .. - - -
F-2256-A 

RADIO FACILITY DATA TYPE CARD 1i2 i:ARn 1i3 

5 C F GFS MARKERS 0 ALL TYPES 
ID - . MINOR AXIS ANGLE +, 2 3 4 S SIMULATOR NO. 

TYPE STATE 10 - 1 2 3 4 5 6 7 

SINE AXIS D I 1 1 1 I TWA 7 2 7 ! 

9 10 11 12 13 

lYPE CARD iii COSINE AXIS [±J I I I I I 
1 2 3 4 5 'i 

ALL TYPE IMlvlRI III VHF MAG.VAR. + 15 •• ? :~~7.q69 0. 

9 10 11 12 13 14 15 
SINE MAG. VAR. I±J 12 16 1713 1 

ALL ~:~~ERS [G I F 1 s I 1 I. 1 I I LS RNwY BRG (MAGI ° BASE AODRE5S • 
9 10 II 12 ...:1.....!..! 

:t16 17 18 19 20 21 22 0 MAG VAR ° 2 4 4 4 I I 
LATITUDE [B [ill] I 11 3 1111 I :~: + E- o. -"--'-

ALL (LOM) RNWY 8RG (TRUE) --

.:; 5· 0 7 I 52. I II (LMM) t 1 2 3 4 5 f- f--

-1--~:;-:::TI:::n::TI --:-:.-~z~;coI SINE 8RG D 1 1 1 I I 't 24 , 5 26 27 2 8 29 30. 31 0 1 9 10 11 1 2 1 3 f- f--

~LL LONGITUDE 81111151111715141 COSINE 8RG D I I I I I '-"-
115. 10 I 32.211 GiS 01 / 

--- --- -- --;3i, 50 51 0 SORT NO. 

33 34 35 36 37 U.m 74 75 76 77 78 79 80 

ALL ELEVATiON 10131010101 FT. ~[ill]IGIFISI QJ 
L F R R MAG. VAR. + + 0 ( -;:Z1:;::!:;:L;;::O]W~~ _________ _ 

SINE AXIS lJ I I 3, 'I 5, 
LF 1411421431441 COSINE AXI5 ±r-, 10 T1 rz (3 

LFRf POWER - - - - - u 1 1 I 1 1 
LEG NO. MAG_ 8RG D A. 

49 50 51 52 17 18 1 D 20 

ALL F"EQIJE~CY 111114141 1 I 1 1 I R:V DATE a NAME 

25 26 27 21 

" 58 59 60 1 1 I I 1 

VHF ~nIN~AR. 19161 j 161 2 --- 33 34 3D H ~24-------
LFRF 3 __ 1 I I I .... 3~-----

57 58 59 60 6' 41 42 " •• 

iLS RL-RTG+ 1000 1 I I I 1 I 4 1 1 I I .... '--J..._ --__ __ 
--- ± ss 66 67 Ie 8. 

SINE !oW;_ VAR 0 I I I I 
65 66 67 68 •• • • 

ALL COS INE I 81 I 19121 57 58 59 60 61 52 
LATITUDE - - - - - ALL >115C. 1 1 1 1 I I 1 

~ ~ 77 78 79 ~ 74 ~ 77 78 79 ~ 

ALL SORT NO. ~ lll.tJ I G I F 1 s I L!J SORT NO. @] Lfl£j I G IF 1 S 1 L!J 

Figure 3-12. Data Preselector Program Part A - Radio Facility Data Sheet 
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PRESELECT WORDS 

WORD 1 - ZERO 

WORD 2 - FREQUENCY 

WORD 3 - LATITUDE (U AND L) 

WORD 4 - LONGITUDE (U AND L) 

DATA WORDS 

A - LATITUDE 

B - LONGITUDE 

C - SIN AND COSINE (MAG. VAR.) 

D - TYPE AND ELEV. 

CALL LETTERS - 1 

- 2 

- 3 
• 

4 

Figure 3-12. Data Preselector Program Part B - Punched Paper Tape 
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-

W 
I 

W 
W 

- -
Preselector 
Words Base
Address 

J 4J 

o 0 
1 4 
2 10 
3 14 
4 20 
5 24 
6 30 
7 34 

10 40 
11 44 

. 12 50 
13 54 
14 60 
15 64 
16 70 
17 74 
20 100 
21 104 
22 110 
23 114 
24 120 
25 124 
26 130 
27 134 
30 140 
31 144 
32 150 
33 154 
34 160 
35 164 
36 170 
37 174 

Data Words_ 
Base Address 

.. 
e: 
f-< 

MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 
MM 

- - - - -
0000 0400 1000 1600 

til rn rn rn ... ... ... ... .. .. ....~ .. .... 2l .. .... 2l .. ::::::: e: ......... e: .... +' e: .... ... e: oj .. oj .. oj .. oj .. 

U .... f-< U...1 'f-< U...1 f-< U...1 f-< 

F 11.3 H 
LAX OM LAX B 31 I LAX H 
SFO OM SFO B 13.1 I SFO L 
MFA OM MFA I MFA L 
MIA OM MIA I MIA H 
ORO OM ORO I ORO L 
IAC OM IAC I IAC M 
MKC OM MKC I MKC L 
MCI OM MCI I MCI L 
STJ OM STJ I STJ M 
EWR OM EWR I EWR L 
LGA OM LGA I LGA L 
IOL OM IDL I IDL M 
IWY OM IWY I IWY M 
DLX OM DLX I DLX L 
DIA OM DIA I DIA M 

H 
M 
L 
L 
L 
H 
L 
M 
L 
L 
M 
M 
H 
M, 

MM OM FAN/Z VHF 1 
0200 0600 1200 2000 

MARKERS 
NOTES: 

- --- .- --

TYPE CODE: B = BONE 
F = FM 
-H- = H 
H = HVR 
HV = HVORTAC 
I = ILS 

--

- -
2400 3200 

rn rn ... ... 
_2l .. .. -... e: ~t oj .. 

U...1 f-< U...1 

TBC HV PGS 
ONT MV LGB 
SMO LV VTU 
LHS MV FIM 
PMD MV GMN 
SXC HV SBA 
PYE HV SAC 
SFO HV SCK 
SJC LV SAU 
GFS HV OAK 
DCA HV HEC 
FLL MV DAG 
BSY HV ALS 
API MV PUB 
DPA HV MIA 
BDF MV JOT 
HLC HV OBK 
lCT MV CGT 
FDK LV RFD 
EM! MY EON 
IUS MV MLI 
BLD HV DSM 
BLM MV TOP 
TRN HV GCK 
LGA MV SLN 
DPK HV BAL 
ARD HV PMM 
FRR LV STJ 
OAF HV MKC 
BSP HV STL 

MV PWE 
MV CYN 

VHF 2 .VHF 3 
2600 3400 

VHF/UHF 
--- -- -- ---

L = LVR 
LD = LVORDME 
LM = LMM 
LO = LOM 
LV = LVORTAC 
M = MVR 

- - - .. - - -
4000 4600 5400 6200 7000 

'" rn rn rn ., .. .. .. ... ... .. .. .. ....2l .. -~ .. .... 2l .. ==~ p. :::t: r;: -;"4> r;: ";"4) e: C;~ r;: :>. oj .. oj .. 
f-< U...1 f-< U...1 f-< U...1 f-< U...1 f-< U...1 

MV RBV -H- LAX 
LV STW LO LA LM AX -H- DOW 
MV SAX LO SF LM FO MH FRX 
MV SBJ LO MF LM FA MH HWD 
HV FMN LO MI LM IA MH SFG 
HV IDL LO OR LM RO -H- MIA 
MV RVH LO IA LM AC MH TMT 
MV HUO LO MK LM KC -H- PRR 
MV DAY LO MC LM CI MH NBU 
MV CLE LO ST LM TJ MH PLY 
MV TVE LO EW LM WR MH FRY 
MV ABE LO LG LM GA MH LIY 
HV PIT MH 10 LM DL MW C 
HV ERI LO IW LM WY MH SRI 
MV PSB LM LX 
MV LDN LO DI LM IA 
LV CSN 
MV HRN 
MV MRB 
LD LAX 
MV· APC 
LD OSI 
LD ORO 
LD COL 

VHF 4 LF 1 LF 2 LF 3 LF 4 
4200 5000 5600 6400 7200 I 

-- -- -- .-
__ LO~REQUENCY ___ ~ 

·USED AS MVORDME 
MH =MH 
MM =MM 
MV = MVORTAC 
MW =MHW 
OM =OM 

Figure 3-13. Radio Facilities Band Locations (Octal) 
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MARK I 

"''''.n .nELD 2, nELD3 5',,,Ln. flEW 5 
MD>DLE OUTER FAN/Z VHF VHF VHF VHF LF LF LF 
MARKER MARKER MARKER GROUP I aROUP 2 . GROUPS GROUP 4 GROUP 1 .GROUP .• GROU~3 

DRUM WORDS 0000-037; 0400-0117 1000-15?? 1600-1377 2400-3111 3300·3711 4000-4511 4600-5377 6400-8177 0200 .. ,.,' 

BLANK 0- 400 - 1000 - 1600 • 2400 - 3200 - 4000 - 4_ - 6400 - . .200 -
rLru I STA 0 401 STA 0 1001 STA 0 1601 STA 0 2401 STA 0 3201 STA 0 4001 STA ° 4601 STAO 5401 ITA ° 8201 STA ° 

< ~:~: ~ ~~~ ~ Jrui!~ ~ c_ BLANK 4 - 404 - 1004 -S!:J ILIU SSTA I 405 STA I 

~:~:~~ ;~i! : :~~i! : 
~~ BLANK 10 - 410 - 1010 -
1.11 fLIU II STAll UlSTA2 

STAnON PATTERNInEtiTicAi FOR ~L nEws'" '" "'~ 

~~~:~~ :~ ~i:~ m~!~ 
!ils ..:I z 5-
f 

>-
~ 
::e 
'" :s 

'" I>: 
o· u 

~ 
I>: 
!:! 

~ 
~ 
~ 

i 
i!':i 

1 1 1 / 

BLANK 114 - 574 - 1174 - 1774 - 2514 - 3314 - 4114 - 4774 - 5514 - 8374 -
ILIU 115 STA 3? 515 STA 37 

~:~: ~~:i!:~ 518 STA 37 
577 STA 3? 

DATA A ZOO STAu. ~~!~. I~OO S1'A 0 ;:;;;~:;:Hf 2600,nA u ~.uu ..... A·U uw,,· ..... u ouuv ,,','AU -r -r 1 
201 ITA 1 

1 1 1 1 1 
202 STA 2 602 STA 2 

1 1 1 
nAT. A 237 lITA n 8!7 STJ 37 1237 IT ,37 20a, STA 37 2637 STA 37 3437 STA 37 4237 STA S7 5037 ITA I' 5U'STA37 au, STA 3' 
DATA B 240 STA 0 840 STA 0 1240 STA 0 2040STA 0 2640 STAO 3440 STAO 4240 STA 0 _OSTAO 5840BTA ° '440 STA 0 

1 241 STA 1 841 STA I 1- t 1 1 1 1 1 1 1 1 
DATAB 277 STA 37 677 STA 37 1217 STA 37 2077 STA 37 2617 ITA 37 3417 STA 37 42'17 STA 37 5077 ITA n 56?? STAn 8477 STA n 
DATAC 300 STA 0 700 STAO l3°°fAU ~100 tTA.O 2'I00FAU ~ ..... ~"A U UUUt"'A U. •• UU .... AU "'uu f"A U -i"AU 

DA~ .C 337 lTA 37 137 lTA 31 1337 SorA 37 2137 STA 37 2'137 STA n 3537 &TA a, 433' STA 3? 5137 ITA 3'1 67.' ITA" . '53'ISTA n 
DATAD S40 STA 0 740rAO IS40FAO 2140tTA 0 :1740 Iff A u a_fAo 4a4u,TAo D~tU~TA 0 n40':"I'Au '-fA 0 

DA.tAD 
~ , 4 

5177 iTA 37 6777 i-rA 3' 377 !iTA 31 ", STA 31 1377 STA 37 2111 STA 37 2777 STA 31 3577 ST" 37 4317 STA 37 8577 STA 37 
1400 STA 0 2200 STA u ~OooSTA 0 ~OOUrA 0 tOUU,TA U DlIUO,TA v :L::: ",uor~o 

f1RST CALL LETTER GROUP 
1431 ~A31 2237 tTA 3' 30.3'1 tTA 37 -- --- --- 383'1 STA 3'1 4437 STA 37 5U'STA 37 863'1 STA n 
14tO ITA 0 2240 STA 0 3UtOSTA u aetOrA 0 4440I1"'A u UtU1TAU eutUr'AII -t"AII 

SECOND CALL LETTER OROUP 14" tTA 3? 
~ 

30"iTA 37 4477 tTA 37 127' STA37 .'77 ITA 37 51" ITA.' 8077 ITA'" .M'I'I,I'tAI? - -------- 1000 ,TA 0 nOlI , ... A U UUUr'AY nuufAO 
'~l::U 

...... , ... AII .loorAU "UV'f"AU 
TlDRD CALL LETTER GROUP 

tI'37 i-rA S7 - -- --- --- -- 1531 SorA I' 11937 aTA 37 US, STA 3' 115' iTA n 4Sn TA n BU7BTA n tllS? iTAn 
1540 fTA 0 2340%TA 0 $140 STA 0 374O~AO t_%TAO 53tO.,TAO '14O':"I'A 0 "4O~AO 

FOURTH CALL LETTER GROUP ~ ~ 
5371 iTA 17 "77 i-rA 17 .77,:rA" --- ----- -- 1577 STA 31 2371 STA 37 3171 ITA 3' '177 ITA " 4577 aTA 3' 

DATA! 

- - ----.--- -- -- ---- - - -- ---- -- -- -- --' -- -'- -. -,----
DATA F 
------ -- -- -- ------- ----------- ---- -- -- ------
DATAG ---.----- -- -- ---- ---- -- ---- -- -- -- -- --. -- -- -- -.-
DATAH 

NOTES: 

I. AU marker ItaUons ope rat. on 75 MCS. - Pre.electlon by X/Y only. 

2. Xlv poeltlon required lor preselection c1urlnllnterval 2-7177. Cor. 
memory aecesa 7200 0000. 

3. VHF receiver freq .. ncy required lor pre.electlon dutllllinterval 
1801·4175. Core memory acce •• 0001 1500. 

4. LF receiver IrlKlllency rlKllllred lor preselection durlflll Interval 
4577-71'0. Core mlmory &ce ... 4200 4500. 

5. Pre .. leetlon palterna: 

DfllmRev n ill f8 H 

Middle Mk. Middle Mk. Mlddll Mk. Middle Mk. 
Outer Mk. Outtr Mk. Q11e. MIl. Q1tar MIl. 
Fan/I Mk. Fan/Z Mk. ran/I MIl. ran/I MIl, 
VHF Rev •• fI VHF Roy •• ill VHF Rev •• fa VHF RoYI'. H 
LF Revr. *' LF R~vr. ,a I.F Revr. II LF Revr. til 

8. Two ltatlona UI dlleted c1u1 10 blanlllntl .eqllll'lmenta dllrllll 
dNm loadlqc. The .. blanlc ,,01'f1l hevI all blta equal 10 zlro 
and are non-recoverable warda. The ltallona deleted are: 

•• Field 4, VHF GrollP 1, Station f1 
b. Field 5, LF Group 2, Station II 

,. Number of ltatlO .. ayaUable lor " ... llCtlon: 
81 Mlddll Marker 
31 Out.r M"ker 
II Fan/l Marklr 

1:~JfVr-
I. LFtM! .. 

JRToIaI 

3-34 Figure 3-14. Data Preselector Band 
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. MARK I 

3-65 .. MULTI:PLE;XE:R PROGRAM. 

3-~(t The 100 input lines of the AID copverter areprogramm~d'"Sequentially on 
t):1e!'four slow bands (approximately 25 iflputs to a band)., This inpllt inforwation 
(analog voltages) i$ transferred sequentially from the Multiplexer to the ~t\.lti
verter, (where they are converted to digital), and further transferrred toa main 
core memory location and on to another core location depending upon the relay 
positions in the Redcor Multiplexer. (See figure 3 -15.) .. 

3-67. A Boolean prbgram used in conjunction with the last multiplexed program 
on slqw band four i~ used to simulate resetting the switch positions to 0., Figure 
3 - ~ 6 is a sample It1pltiplexer program for slow band 4. 

3-68. The three other multiplexer progra:ms (slow bands 1, 2, and 3) are ended 
with ~ small Boolean program conSisting of BLD, BIN1 and BST into the ~ame 
core location as the BLD instruction .. This is ddne to change switch position (A 
to A, lB to B etc.)o 

3-69. BOOLEAN EQUATIONSo 

3-70~ General. There are five basic steps which should be taken into considera
tion by the programmer prior to programming a Boolean equation., These steps 
will help:the prOgrammer to visualize the system more clearly and eliminate 
possible extra program steps. The five basic steps are as follows: 

a. Develop a complete "picture" of the system. 

(1) Block diagram or signal flow type. 

(2) Show all indicators, lights, etc. 

(3) Show all actuators~ circuit breakers, etc. 

(4) Determine the extent of Simulation. 

b. Redraw the system "picture" including the results of step 4 of a. 

c. Determine any breakdown of the system. 

(1) Any indicator, such as a light, must be a l300lean output. Anybreak
down should be in these terms. 

(2) Any term that is used many times should be Stored in memory. 
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Figu~e 3-15. Block Diagram, Multiplexer Flow of Information 
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Co:I 
I 

Co:I 
-:J 

- - - - - - - - - - - - - - - -
DATE 5/9/63 

PROBLEM MJILTIPJ.EXER PROGIUM - SLOW BAN1) 8 QUADRANT 1 

COllIS liD CDlSTlllT SHEET 

MARl( I COMPUTER 
__ RJOBNDOE 

PAU--.l....-OF--1..-
--- -

"'~IC ... MEM. ARITHMETIC BOOLEAN - .. .. .. 
" I NSTRUCTI 011 ... ,; ":8 ... ;; >-NIMIER CODE AOD. e ACCUMUlATOR ... ACCtmLATOR :> :> au u .. ... ... ...... 

REMARKS '" .. e e e e .. .. .. .. 
• 2. J ••• 7 . .... 

0'1 LD c2. IB'2"" StePII 1 'lbru 32 Used To Load Contents Of IIain Core 

o 2 ST 2 3 12 '1 0 ~ Memnrv Lot-__ nn AM Rtruo .. 'I'h ...... l' ... t~ .. t. I "'tft 
I. 

o 3 LD '2 0 102 '1 Certain Other Core ~atI"" • U-ThARAI2V 

.04 ST 2 3 12 '1 0 Position In The Packard-Bell , 
o 5 LD 20 lD 2 72 

o 8 ST i2 3 1.2 ''110 

o '1 LD 2 0 10 2_'13 

o 8 ST '%"3 12 "" 
o g LD 2 0 0'2"'14 

1 0 ST 2 3 12 '120 

1 1 LD 110 10 2 ""5 

1 2 ST 2 3 12 ., 2 

1 3 LD :2 0 10 2 ""8 

1 4 ST 123 12 ''1~0 

1 5 LD 2 0 o 2 '1"'1 

1 6 ST :2 3 12 '1 34 

1 '1 LD Iz 0 10 '30 0 

1 8 ST 12 S 12 .,40 

I g LD !2 "0 10 2 0 I 

2 0_ l-.S'I' !2 3 12'1"~ '. , 
2 1 LD .2 B IB 3 02 

2 2. 1ST 12 3 " !il B 

Z S iLD 2. 0 10 3 03 

Z 4 1ST ~ S 12 '15 4 

Z 5 ILD 20 10 3 04 

2 6 1ST 2 3 12 ., II 0 

Z '1 LD 20 10 3 0 5 

2~ lsI' 2. " 
'7 11. ... 

Z 9 lJ) 2 0 Ii 3 08 

3 0 ST 2 3 ~ '1 '10 

Figure 3-16. Multiplexer Program (Sheet 1 of 2) 
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DATE 5/9/63 

PROBLEM MULTIPLEXER PROGRAM - SLOW BAND 8 QUADRANT 1 

PROGRAMMER JOHN DOE 

Fa2214 .. A 

I NSTRUCTJ ON MNEMONIC .... MEM: ... ARITHMETIC <>-0 -' CODE ADD. NUMBER '0 "" ACCUMULATOR 00 u .. 
, Z 3 .. 5 • 7 ~, U 1-'-14 

3 1 LD 2'0 o 3' 0' ~ 

:L2 ST 2 '2 '1 '1 

3 3 RT.n i3 ,,) ... n 

34 BIN 13 2 o D 0 ~ 

3 5 BLD 3'3 2 4 O'~ 

3 6 AND 13 1 o 0 O'~ 

3 7 BST 13 4 2~O5 , 
'3 II BST [3 ... 2 '4 0' 

I , 

COD I M8 AID CGIISTAIT SHEET 

MARK I COMPUTER 

BOOLEAN 
~ ACCUMULATOR 
~ 

A<>rB 

AnpR 

A 01" R 

fA nr R} IA nr ii) 

0 

n 

- .. 
>. .;. 
-' -' 
"" "" III !J) 

PAGE~OF~ 

., '" 
> > 
-' -' REMMKS "" < III III 

En",ur" 0 

Store Zero In Loc;Uion A nr R 

"t. 7.. T. T, ... '" 

Figure 3-16. Multiplexer Program (Sheet 2 of 2) 
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MARK I 

d. Write the Boolean expressions for each section of the system break
down. 

(1) Use combinations that are common to several sections of the system 
and can be reclaimed from the t!i!mporary Boolean register. ' 

e. Write the programming instructions. 

3-71. In order that the "pictures" of the system transfer the maximum infor
mation, a standard method of represent~tion should be used. A variation of the -
signal flow graph is most easily understood. 

3-72. A function is defined by the lines directed into the circle with that label. 
These lines come from other labeled functions or circles labeled with Boolean 
functions such as "AND" or "OR". (See figure 3-17.) 

Figure 3-17. Flow Chart 

3-73. The function E is defined by the two iines directed into it.' One ,of these 
is the function A, the other is the indicated function of B, C, and D. The equation 
fD~ E would be E = A + D (B + C) in Boolean designation. ' 

3-74. The circles can be labeled with the names of switches, lights, circuit 
breakers, relays, and other elements of the aircraft's system. Using this method 
the systems as shown in the aircraft manufacturer's manuals can be transcribed 
to a function diagram. Flow charts are simplified until only the inputs, outputs, 
and variables which are to be stored remain as labeled circles. 

3-75. The Boolean expressions for the f~ction represented by a labeled circle 
can be written directly from the flow chart. The function of any labeled circle is 
the sum of th~ directed lines entering the circle. Any directed Une leaving an 
"OR" circle is the sum of the directed lines entering the circle. Any directed 
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line leaving an "AND" ('ircl~ is the product of the directed lines entering the 
circle. UtU\zatio!1 of these ideas result in the Boolean function for all outputs 
and elements to b;,~ stored. 

3-76', An i.1.lilatraUon of thts method 1s shown in figures 3··18 and 3 .. 19. Figures 
3··18 'is a typical aircraft power r!ircuit. All details except. those necessary to 
determine wh~n the three bust's are E'inergized have been omitted. 'Figu,re 3 .. 19 
represents the transltio,n frQm figure 3-18 to determine the equations for ener
gization of the three buses. The circles A andB on figures 3-19 represent Gen I 
operating and Gen I circuit breaker "made". To the right of Gen I C.B.on figure 
3-18 there is ajunctton corresponding to the "AND" circle (figure 3-19) which 
the arrows from AandB enter. ,This junction is defined by AB and each arrow 
leaving the Circle is so deSignated .. In t.he circuit) power from this junction goes 
through GEN 1 RY to a second junction. This junction is represented on figure 
3-19 by the "'AND" Circle which the arrows A, B, and Center. C is the circle for 
GEN I RY, Power from tl1is junction feeds LOAD BUS #1, but this bus can also 
be fed through·the GEN I BUS TIE. Therefore, the arrow ABC must enter an 
"OR" circle which thengoes to E (LOAD BUS #1). The first junction also supplies 
power to the E;SS PWR BUS through th,e GEN lESS PWR relay. This is shown by 
the arrow AB going to the upper right hand "AND" circle in conjunction with the 
D arrow. This "AND" circle goes to G through an "OR" circle indicating two 
power sources for the ESS PWR BUS "G". The rest of the circuit of figure 3-18 
is described on figure 3-19 in a similar manner. 

3.-77. The Boolean equations for G, E, and Kcan be determined from the arrows 
e:ntering the nOR" circles which define G1 E, and K., , . 

G = ABD + LMN 

E = ABC + FHJLM 

K = JLM + FHABC 

3~78. When the Boolean equations have been developed, a program can be written. 
Thisprpgram is in terms of storage, input, and output locations in the Mark I. On 
~ system design sheet such as figure 3-19, a tabulatio.n of the letter designations 
used on that sheet, their corresponding aircraft functions and Mark I storage 
lpcations should be included. This tabulation provides the correlation between the 
Mark I.1ocations and the simulated aircraft variables. This tabulation would 
appear as follows: 
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.1 
I· 
I 
I 

GEN.IOPER 
GEN IC.B. 
GENIRY 

MARK I 

GEN lESS PWR RY 
LOAD BUS 1 
GENI BUS TIERY 
ESSPWR BUS 
GEN U BUS TIE RY 
GENURY 
LOAD BUS 2 
GEN n C.B. 
GENUOPER 
GEN nESS PWR RY 

-A-
-B-
-C-
-D-
-E-
-F"\' 
-G-
-H-
-J-
-K-
-L-
~M
;"N-

B2347 
81433 

. B2131 
82134 
B3214 
B2133 
B3217 
B2132 
B2135 
B3215 
B1435 
B2354 
B2136 

3-79. A prelirriinary program sheet can be filled out to ensure the programmer 
that all phases of the problem are included in the program. This step further 
eliminates the possibility of errors, or insufficient information to solve a problem 
beiIlg programmedintQ Mark I. A program sheet of this type developed for figure 
3-19 follows: 

ACCUM. SALVAGE REGISTER 

BLD ... A A 
AND - B AB 
BLD -.D D AB 
AND - '0000 ABD AB 
BLD ... L L ABD AB 
AND - M LM ABD AB 
BLD ... N N LM ABD' AB 
AND .. 0000 LMN LM ABD AB 
OR ... 0001 ABD+LMN=G LM ABD AB 
BST G LM ABD AB 
BLD " C C· 'G LM ABD AB 
AND - 0003 ABC G LM ABO' AB 
BLD ... J J ABC G LM ABD 
AND - OQ02 JLM .ABC G LM ABD 
BLD- H H JLM ABC G LM 
AND ... F HF JLM ABC G' LM 
AND ... 0000 HFJLM JLM ABC .G LM 
OR - 0001 ABC + FHJLM = E JLM ABC 'G LM 
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Figure 3-19.,Aircraft Power Circuit Flow Chart 
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PROBLEM BUS ENEBGIZATJON 
PROGA_R B. SIIlTII 

-_.-
__ IC .... -. INSTRUCT I ON -:,g. 

~lJ!oIII£R CODE AOD. au 

, • 2 I .. ~ • 1 I. IZ .. ,. 

0-1 Ru) [S .! 2 -! .-'1 

- o 2 AND [S I I • 3 3 

o 3 BLD [S 3 2 1 3 .. 
. , 

. AND isl 0000 o • 
o 5 BLD [S '3 1 -.. '! '5 

o • AND [S I 2 S 5-" 

o 'I OLD S 3 2 I 3. 

o 8 AND !S I o 0 0-0 

o 9 OR S 0 0-00 

I 0 BST 3. 3 -2 1', 

! 1 OLD 3 3 213 

1 2 AND ! I o 0'0-3 

1 3 BLD 3 3 2 1 35 

I .. AND 3 1 o 0 02 

I 5 BLD 3 3 2 I 32 

1 6 AND 3 1 [2 1 S 3 

1 '1 AND S 1 10 0 00 

t 8 OR :I ~ 10 0 0 

1 9 lIST S .. [32 i 
2 0 RLn 3 3 12 t 3 2 

2 1 AND 3 I !2 I 33 . 2 2 AND 3 1 000.2 

2 3 OR Is 0 o 0 0 1 
. '2 .. BST 3 • 3 2 15 . 

. , 
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ACCUM. BOOLEAN SALVAGE 

BST - E E JLM ABC G LM 
BLD - H H E JLM· ABC G 
AND - F FH E JLM ABC G 
AND - 0002 FHABC .E JLM ABC G 
OR - 0001 JLM + FHABC .- K E JLM ABC G 
EsT - K K E JLM ABC G 

3-80. Figure 3-20 is a sample of this program as it would appear on the standard 
form. The letter designations on the flow chart (figure 3-19) are used on this . 
sheet with a cross referen~e to the flow chart under "REMARKS". The prog.ram 
is arranged using combinations in the Boolean salvage to reduce the number of 
instructions. 

3-~1. CORE MEMORY. 

3-82. Core Memory Load Data. Information to be placed in core memory will be 
written, Most Significant digit first, as nine Octal digits, for the loading of 24-bit 
binary words. Words will be written in core memory address order. An example 
of a core memory word and binary equivalent is shown in figure 3-21. 

dl (sign) 

OOX 

Where dn = Octal data bits and sign 
X = Valid binary bits, "0" is not recognized 

Sign *X = "0" for positive number, "1" for negative number 

xxx 

d6 

XXX 

Figure 3-21. Core Memory Word 

da 

XXX 

dg 

XXO 

3-83. Core Memory Tape Format. The form of the Core Memory tape data words 
is shown in figure 3-22 where M = memory data and D = dummy code. 

D 
I 

A , 
0 1 1 1 M • M M M 
M M M MM • M M M 
M M M MM • M M M 
M M M M 0 " 0 0 0 

Figure 3-22. Core Memory Word Tape Format 

3-84. Figure 3-23 illustrates three different core memory tapes used in testing 
the core. "A" tape is used for loading all ones, "B" all zeros, and "C" a combi
nation of zero.~ and ones. 
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TAPE B 

TAPE A 

Figure 3-23. Core Memory Tapes 
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SECTION IV 

PROGRAMMING AIDS 

4-1. BOOLEAN ALGEBRA. 

4-2. General. Boolean algebra is particularly suited for describing situations 
where variables can assume only two values. These two values have many desig
nations: on-off, yes-no, plus-minus, one-zero, etc. Variables are designated by 
letters, and the two possible conditions are-.!3hown by the absence or presence of . 
a bar over the letter. To illustrate, A and A designate the two possible conditions 
of the variable A. They are read as "A" and "not A". The bar usu~ly Signifies 
the minor or negative condition. The barred function is known as the complement 
to its corresponding unbarred function. 

4-3. To describe systems of more than one variable, several conventions must 
be accepted. Figure 4-1 illustrates the "AND" and "OR" circuits common to 
Boolean algebra. 

o------~)'~o------~·)'~----~ 
A B D 

c 

E 
A 

B 

Figure 4-1. "AND" and "OR" Circuits 

4-4. In figure 4-1 (A) relay C is energized when switches A . and B are both 
energized. ThUS, C equals A and B. The conventional symbol for the "AND" is a 
multiplication sign or implication (C = A·B or C = AB). In (B), the relay F is 
energized if switch 0 or E· is closed. The symbol for "OR" is the addition sign 
(F = 0 + E). 

4-5. Venn Diagram. A more general illustration of the meaning of "AND" and 
"OR" is shown by the Venn diagram figure 4-2. 
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A B B 

A+B 

, Figure 4-2. Venn Diagram 

4-6. Referring to the Venn diagram, figure 4-2, the area inclosed by any circle 
represents the condition ascribed to the designation for that circle. The cross
hatched area common to both A and B shows the meaning of A·B. The cross
hatched area covering both A and B, shows the meaning of A + B. 

I 

4 .. 7. Figure 4-2 also shows the meaning of the complement when applied to more 
than one variable. Using the circles describing A'B, A·B would be all the, area not 
cross-hatched including the area outside the circles. This is the area which is 
either outside' A or outside B. ,This would be written A + 'Ir. This is one of many 
useful identities. Considering the area describing A + B, A + B would be all the 
area not cross-hatched. It is the area outside of A which is also outside of B. 
This can be expressed as A . B giving us the identity A+l3, = A . 'If. 

4-8. Identities. The following are a list of identities useful in manipulating 
Boolean algebra. 

-=-
l.A+l=l 10. (A) =A 
2. A· 1 = A 11. A + B = A • B 
3. A + 0 = A , 12. A . B = A + B 
4. A . 0 = 0 13. A + AB = A + B 
5. A + A = A 
6. A • A = A 
7. A + AB = A 
8. A (A + B) = ,A 
9. A + A = 1 

14. A (A +B) = AB 
15. (A + B) t + C) = AC + .AB 
16. (AC + B ):::; AC + eo 
17. (A + C)(B + C) = fA + C) (B + C) 

'4-9. The one is used to mean the, truth or continuance of a function. It Can be 
compared to a short circuit in a systeinof switches. Zero is the opposite and can 
be compared to an open circuit. Number one and number' four' identities are 
illustrated in figure 4-3. Identities two and three also concur with figure 4-3. 

4-10. Figure 4-3 (A) ptoves the first identity B = A + 1 = 1. The relay Bis 
always energized whether switch A is open or closed. The fourth identity B = A 
o = 0, (B) shows that' B will ne:ver be energized., Identities seven and eight are, 
sh~wn in figure, 4~4. 
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Figure 4-3. Identities. 1 through 4 

~ __ ~Jf o-B ______ 

A 

Figure 4-4. Identities Seven and Eight 

c 

4-11. Figure 4-4 (A) illustrates the seventh identity, C = A + AB = A. The 
parallel circuit with switches A and B is unnecessary because the operation of the 
relay C is the same without it. This can be shown mathematically as follows: 
C = A + AB = A + A (1 + B) = A +'A (1) = A. The eight identity C = A (A + B) 
illustr.ated ~ (B) shows that the parallel combination of A and B does not change 
the operation of relay C. This can ~,so be shown by mathematical proof.' C + A 
(A + B) = A [A (1 + Bn = A ~ (1~, = (A) = A. . . 

4-12. Identity 13, A + AB = A + B is derived from the equation A + AB + AB = 
A + AB = A + B. This equation is illustrated in figure 4-5. 

4-13. Switches A and B in the middle path of the circuit (figure 4-5 (A» do not 
change the operation of relay C. If either switch A or B is closed there will be a 
transmission. The mathematical proof follows: 

. A + AB = A + AB + AB = A + B (A + A) = A + B (1) = A + B. 

4-3 
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Figure 4-5. Identity 13 

4-14! CONDITIONAL SKIPPING. 

c 

4-15. General. The "conditional skip" instruction allows the programmer to 
branch to two different groups of instructions by "skipping over" one of the two 
groups (i.e., if a certain condition is true, then ; if riot, then ). The two 
groups in a branch are listed one after the other in the program. Depending on the 
results of a test, the M:ark I either reads the first group of instructions and skips 
the second, or it skips the first 'group and reads the second. . 

4-16. The state of the Boolean accumulator is the test which determines the . 
branch.read. '"The Mark I will skip only when there is a one in the Boolean accu- . 
mulator. The programmer is not restricted within the framework of allowed in
structions, to devise a test which will result in the Boolean accumulator being set 
one way or the other so as to reflect the state of the condition being examined. 

4-17. Since the two groups of instructions which follow a conditional skip are 
listed consecutively, thep., in the event the first group is not skipped, but is read 
and performed, the second group must be skipped. In order for the Mark I to skip 
the second group of instructions, the first group must have a conditional skip ~s its 
last instruction. Assuming that the first group of instructions is being read and 
performed, then the contents of the Boolean accumulator must be zero. It is then 

. necessary to inClude an "INVERT BOOLEAN" accumulator instruction (this in
struction will set the Boolean accumulator to one), . prior to the "conditional skip" 
at the end of the first group. The conditional skip instruction will then cause the . 
second group to be skipped. . 

4-18. The maximum n~mber of instructions that may be skipped with one "condi
tional skip" instruction. is 127. If there is a necessity for a larger skip, the Mark 
I can skip from one "conditional skip" instruction to another "conditional skip" in
struction. 
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4-19. SCALING AND,SCALING PROBLEMS. 

4 .. 20. General. All constants and variables, as handled by the Mark I must be 
scaled to faU in the range from -1.0 to +1.0. The scaling factor in the Mark I is 
limited to integral powers of two to minimize time consuming multiplication or 
division operations .. (Scaling or shifting operations are the equivalent of multiply
ing by powers of two.) The choice of scale factor is limited to the 'smallest integral 
power of two which, when divided into Xmax, results in a number less than or equal 
to 1.0 (I.e •. , Xmaxl2n ~ 1.0). For example, some variable that rangeddecimally 
from -80 to +510 would require a scaling factor of at least 2-9 or 1/512 to ensure 
against overflow. 

4-21. The Mark I is capable of shifting as many as five places in one basic ma
chine cycle. Thus, a left scale of three places is equivalent to multiplying by 2+3. 
and right scale of three places is the same as multiplying by 2-3, The scaling or 
shifting operation requ.ires only one instru.ction word as opposed to a multiplication 
which requires five words. 

NOTE 

Care must be exerCised when scaling left to make certain 
that overflows are not caused by scaling too many places. 

4-22. When performing additions and subtractions, the scale factors of all the 
quantities involved must be identical. If the quantities being added have different 
scale factors, scaling operations must be performed to make these factors the 
same. Generally, all of the scales involved must be right scales, eliminating any 
overflow due to the scaling operation itself. Figu.re 4-6 illustrates an addition of 
three variables with different scaling factors. 

4=23. Figure 4-6 forms the equation X = A + B + C, with X scaled at 2-5 as the 
desired quantity. A is scaled at 2-7, B at 2-4 and C at 2-8. A and B must both be 
scaled right; one place for A, and four places for B. The terms are then summed 
to form X • 2-8, and this quantity is scaled left three places to form X • 2-5• 

4-24. When performing an addition and/or subtraction, the risk of overflow is still 
to be encountered in the actual performance Of the operation itself, and serious 
consideration should be given to the order in which the steps of the equation are 
listed. 

4-25. In the case where A, B, and C are variables ranging from -1.0 to +1.0, re
arranging the order of steps is no longer a sufficient guarantee that overflow will 
not occur. In this case all of the variables must be scaled right a suffiCient num
ber of places so that no partial sum can cause an overflow. 
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· 4-26 .. Multiplication. When multiplying two quantities both of which are less than or 
equal to one, there is no possibility of an overflow. It is possible that the product 

· (AB) might be $0 small that the number of significant digits remaining in the accu
'mulator are insufficient to describe AB with any accura,:y (loss of resolution). 

4~27. To overcome loss of resolution it is possible to shift the first fifteen digits 
of the MQ register. into the accumulator using left shift instructions, after a multi
plication, thus restoring the resolution of a product. Caution must be taken to en
sure that the product AB is small enough to allow the shifting operation without 
causing overflow • 

4-28. Dtvision. When dividing in the Mark I, the problem of, overflow is greatly in
creased. Since the quotient must always be less than or equal to one in magnitude, 
the divtdend must be less or equal to the divisor in magnitude. That is, if X = A 
and -1.0~X~ +1.0 then IA~/B/. . ~ 

4 .. 29. If A and B are variables, careful consideration must be given to path the 
scale factors and the behaviors of these variables in order to decide on the final 
scale factor which will prevent an overflow under any conditions when performing 
the division. . 

4-30. A sample problem involving scaling techniques with multiplication and 
division is illustrated in figure 4-7. 

· 4-31. It is desired to write a program fdr lVlach number. The following equation Is, 
to be used,: M :...:.?~52 Vp 

"V TK 
TK = Toa+ 273.16 

where 
Toa = temperature of outside air in CO scaled 2-7 
TK = temperature of outside air in KO scaled 2-9 
Vp= velocity of the Ale along the flight p~h in ft/sec scaled 2- 11 

. M = Mach number (result) 2 -1 . 

. Assume that the maximum Vpof the aircraft is 800 mph (11'73 ft/sec) and the 
'. te~peratur.e of the outside air ranges from-'70Q to +'700 •. The·f1rst step in pro

gramming 'a problem of this' nature is to deterznine the range of numbers, sc~led 
. properly by 2~. . . . 

. t3967 x 29.: TK .-: .6702 x 29 
. '. O-=-V.:::'o5722 x 211 .. 

". . 0" .di52 Vp 0lil&' .5572 x 25 
.45 x25...r"VT~'" .58 x 25 
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The numerator .0152 Vpx 2-5 must be shifted right one place before it is divided 
by -V TK since the largest value of the numerator is .5572 and the smallest value of 
the denominator is .45 x 2-5. Since the numerator is scaled at 2-6 after the shift 
and the denominator 2-5, the resulting M will be scaled at 2-1. 

4-32. TIMERS. 

4-33. Gener8.l. A desired elapsed time can be determined in the Mark I by succes
sively subtracting the total time elapsed, each time the storage location passes 
under the drum read heads, from the total time required for the unit to operate. 

4-34. The drum band (fast, medium, or slow) on which the program is to be stored 
plays a major factor in a timing program. Storage locations on any band pass 
under the drum read heads at a constant interval (fast band locations every 50 
milliseconds, medium band locations every 200 milliseconds, and slow band loca
tions every 800 milliseconds). A numerical constant dependent upon the total time 
required for the unit to operate as well as the drum band on which the program is 
to be stored is required in "time delay" programs. 

4-35. Figure 4-8 (Part A) is a sample time delay circuit in which the relay will 
energize 100 seconds after the bus bar has energized and the circuit breaker is 
"made". In Boolean language, ihe relay will enerfize when ABC equals 1. A 
sample program (when ABC = 1 compute Z = YX + h2) for this time delay circuit, 
programmed on one of the medium bands is shown in figure 4-8 (Part C). Figure 
4 .. 8 (Part B) is a flow chart for figure 4-8 (Part A). 

A 

BUS \ 

B 

CIRCUIT 
BQEAKER 

C = 1'00 SECOlJDS 

TI~ER. 

Figure 4-8. Time Delay (Part A - Circuit) 
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Figure 4-8. Time Delay (Part B ~ Flow Chart) 
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4-36. "ILL BEHAVED" FUNCTIONS FOR THE LINEAR INTERPOLATOR. 

4-37. General. Many times programmers are faced with the problem of pro
gramming function data for the digital interpolator which is not suited to being 
straight-lined between fixed breakpoints. (The curve has points of inflection whose 
ordinates do not coincide with any of the fixed breakpoints.) There are various 
methods of handling this problem, and the most suitable method chosen is 
determined by the nature of the function curve. 

4-38. Warping. An efficient method for use on the Mark I is that of warping the 
curve into a more reasonable shape by replotting the function data vs. a new varia": 
ble which is a function of th~ original independent variable. Instead of plotting f(X) 
versus X, plot f(X) versus Kl Xn + K2 or any other deliberately chosen function of 
X which will warp the function data in the desired manner. Figure 4-9 illustrates 
four curves. Curve 1 is the original curve of f(X) vs. X. Curve 2 represents a 

1.0 

9 

.8 

.7 ".. 

~ tq 
.6 o· , 

00-
. 5 ~ ..., . 

~'" 
.4 ~ 

~ 

.3 

.2 

. I 

.1 .Z .3 .4 .5 .b .7 .S .'1 1.0 

Figure 4-9. Curve Warping 
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linear "stretching" of the independent variable f(X) vs. 1.0 (X-.7). In.curve 3 the 

functional data Is plotted versus .I!t (X-.7~ 2 and cur!"4 [ll (X-.7~ 4. Any 

degree of "warping" may be obtained by choosing the proper function of X as an in
dependent variable. Whatever function is chosen as the independent variable must 
be generated in the general program and stored for use by the digital interpolator. 

4-39. The "warping" method is not necessarily a "cure-all" for all of the "Ul-be
haved" functions which will be encountered by the programmer. It is posslble that 
a function of the independent variable which produces the desired degree of warping 
is non-existent; or if it does exist, it is too difficult and time-consuming to devise. 
Further, it is possible that after the proper function has been derived, an excessive 
number of program steps are required to generate the new independent variable. 
Splitting a function into more than orie curve is an answer to this problem in many 
cases. 
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. 4-40. Splitting. Since the nine "breakpoints" are fixed by the logic of the intergo~ 
lator at intervals of 1/8 of the independent variable, X (i.e., 0, 1,8X, 1/4X, ..•• X), 
then the function as constructed by the interpolator will be the dotted line overlay
ing figure 4 -10 ~ f(X) is badly distorted by the removai of the peak in the vicinity of 
X == 0.40. In order to construct f(X) with accuracy, split f(X) into two functions; . 
f(X1) for 0 :i X ~ 0.40 and f(X2) for 0.40 < X ~ 1.0. (See figures 4-11 and 4-12.) 

4-41, By rescaling X in the reg~on betw.een X =. 0 and X = 0.40, the new quantity 
X is defined as Xl ==: X for 0 ~ X < .40. 
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Figure 4-11. Function fXl 
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.250 .500 
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. 750 

Figure 4-12. Function fX2 ' 

... 
1.0 

4-42. Rescaling X in the region between X = .40 and X = 1.0 constructs the new 
quantity X2 which is defined as: fX2\= X - 0.4/0.6 for .40<XS: 1.0. 

4-43. In figure 4-10 Y = f(X). The new value of Y after "splitting" the function is: 
Y = YI = f(XI) - f(X2). 

4-44. The three independent variable (X, Xv and X2), must be assigned storage 
locations in core memory_ Core memory locations must also be assigned for the 
independent variables (Y and YI). 

4-45. An alternate method of programming Xl and X2 is setting a Boolean Flag 
(Flag negative inStruction). Using this method, each time the Mark I calculated X, 
it would be necessary to test the numerical value of X to see U it was In the region 

, of Xl or X2. 
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4-46. Using a Boolean Flag to program figure 4-10, the data curve for Xl would 
remain the Same as in figure 4 .. 11 while the data curve for X2 would be the 
inverse of figure 4-12 as illustrated in figure 4-13. The Boolean equation for 
these functions would be: " 

* 

Where + Signifies or, and * boolean invert. 

It is not necessary to use a Boolean Flag type program for any curve used with 
the 727 simulators. 
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Figure 4-13. Inversion of Figure ,4-121 
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·4-47. Coordinate Transfer. In many instances the given data cu~ve for an inter- . 
pOlator function does not lie completely in the first quadrant (i.e., part. of the data .. 
Is numerically negative) ~ Since all negative numbers· are treated as zero by the . 
interpolator, the coordinate axis must be "transferred" so··that the . complete curve 
~ies within the first qUadrant. 

4-48. Figur~ 4-14 illustrates a given data· ·curve to be placed on the interpolator 
section' of the drum. To ensure positive values for each of the nine breakpoints, 
add two (the largest negative number) numerically to the independent variable X, 
and the dependent variable f(X) which equals Y. Let the new values of X.and Y be 
Xl and. Yl therefore Xl = X + 2 and Yl =. Y + 2 = f(Xl) or Y == f(Xl) ~2. 

4-49. Plotting Xl and Yl,the curve is in the first quadrant (see figure 4-15), and 
now may be programmed onto the interpolator section of the magnetic drum. 

8.0 
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-z.o b.O 8.0 
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Figure 4-14. Given Data Curve 
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8.0 

0.0 

4.0 

2.0 

2.0 4.0 0.0 6.0 

x,----..... 
\ Figure 4-15. Coordina.te Transfer of Figure 4-14 

4-50. CALCULATION, OF ENGINE TRANSIE:NTS. 

4-51. General.· Engine transients may occur during start-up, turn-off, change in 
. throttle etc. The example used to explain a transient program will be fuel flow. 

4-52. The transient produced in fuel·flow (Wf) is caused by a change in throttle 
positlon (8th). When the Mark I receives not1ficationthat a transient has' started 
because (8 th) i + 1 -(8 th) i is greater than some constant £ , a Boolean flag is Bet 
to zero (in the example, flag "A") and a real time clock, t, is set to zero. In later 
iterations, the clock, t, will be, incremented by some constant amount depending on 
the band this program is written on (refer to paragraph 4-34) J until the program. 

. determines that the elapsed time from the start of the transient to the present time' 
is greater than a specified amount. The flag will then be set to the non-transient 
case and the transient will be considered finished. However, the program will 
continue checking for changes in throttle positlon (8thh + 1 -(8thh to determine if 
new transients are 'starting. The program will also consider a difference of sign 
between the quantities. [<8thh + 1 -(8thh] or Q8thh-(8thh + lJ as the start of 
a transient... . ' 

4-19 . 
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4-53. The program will compute a Vi/f that will reflect the transient conditions by 
means of a multiplying constant E - ~ t2, This function will.be written on the 
interpolator section of the drum, The value of Wf when the clock was set to zero 
will be used as the value of Wf for t = 0, Wfc will be computed using the regular 
equation for this quantity. The equation used for the transient case will be: Wf = 
Wfc + (Wft = 0 - Wfc).· For the non-transient case, Wf = Wfc, 

4_54.
0 

The flow chart (figure 4-16 Part (An, and the "Coding and Constant Sheet" 
(figure 4-16 Part (B)) describe the techniques used. This problem is only intended 
as an example of programming engine tranSRents~ but drawing a flow chart before 
coding commences is almost absolutely necessary in problems of this type. 

4.-55. DOUBLE NUMBERS (1 WORD = 2 NUMBERS). 0 

4=56. General. Doqble numbers will be encountered in problems pertaining to the 
radio aids portion of the program. Since one word in the radio aids section con
sists of 20 bits~ and these 20 bits may sometimes describe two pieces of data; e.g., 
the most significant ten bits describe the X coordinate of a radio aid, while the 
least significant ten bits describe the Y coordinate. When this 20 bit word is 
loaded into the accumulator ~ the last four bits of the accumulator are zeros. 

4-57. If operations are to be performed with the X coordinate~ a right shift of one 
place clears the number out of the sign. location and makes the number positive. 
The presence of the ten Y bits can only cause an error in the LSB of X. When op-

o erations are to be performed on Y ~ it is necessary to shift the accumulator left 
nine places, and make the result positive. This may be accomplished by two 
successive left shift commands~ followed by an absolute value command to make 
the sign of the number positive, 

4-58. To form a 20 digit number from two separate ten digit nu.mbers in two 
different Core Memory locations p load the accu.mulator with the number that is to 
form the least Significant part of the result, and make the sign positive with an 
absolute value command. Scale the number right ten places by two successive 
scale right commands~ then scale right three places and left three places to elimi
nate the three least significant bits. The contents of the accumulator should be as 
s90wn in figure 4~ 17. 

., 
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o I 0000000000 I yyyyyyyyyy I 000 

Figure 4-17 . Ten Least Significant Bits 

4-59. Load the accumulator with the number that is to form the most significant 
part, scale right 13 places and then left 13.,places, make the sign positive with an 
absolute value command, and add the contents of the salvage register .. , The contents 
of the accumulator will now be as shown in figure 4-18. 

o I xxxxxxxxxx I yyyyyyyyyy I 000 

Figure 4-18. 20 Bit Number 

'-60. The absolute value instructions may be eliminated if it is known that the 
values of X and Y are positive. 

4-61. HANDLING A NUMBER AS A "COARSE" AND "FINE" SUM (1 NUMBER = 2 
WORDS). 

4-62. General. The situation in flight simulators in which some variable with an 
extremely large magnitude (e.g.~ distance~ altitude) is calculated by integrating its 
derivative will be very often encountered by the programmer. With 23-bit resolu':;'o, 
tion in the Mark I, the resolution of the variable may be adequate despite its great 
magnitude. It must be ncted hcwever, that the smallest bit (i.e.~ the 24th bit) of the 
word representing that variable may in itself represent a number which is fairly 
large in magnitude. The magnitude of this least significant bit~ defines the smalle~t 
increment that may be added to the variable concerned. 

I 4-63. Integration. Integration in the Mark I Is accomplished by calculating an ih
cremental change in the quantity concerned and adding that increment to the old 
value of the quantity. In the equation X = / x dt~ if X is extremely large in 
magnitude, then the LSB of X is correspondingly large~ and the magnitude of this 
LSB is t~e smallest rate of change cf X which can be integrated with accuracy. (~ 
smaller X would need a smaller increment tQ add to X.) 

4-64. If it is necessary to "find a smaller increment" tQ add to X, SOl that very 
small rates can be integrated accurately~ then it ts necessary to magnify the IBB 
of X, thus improving the resolution. 

4-65. This situation is handled by treating X as the sum of two numbers: X = X 
course (~c) + X fine (Xi). Xc will have the same scale factor as X ordinarily 
would. X will be integrated to generate Xf, where Xf is 210 Xc. This represents 
a ten-bit increase in resolution. Each time that Xf is calculated by integrating X, 
it is tested to see if it is large enough to add a significant digit to Xc. If it is large 
enough, Xf is scaled right ten places and added to Xc. Whatever amount is added 
to Xc must be subtracted from Xf. A sample problem of this nature is illustrated 
in figure 4-19 where: 
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Xc is scaled at 2_26 and stored in. location 0101 

-Xf is scaled at 2_16 and stored in location 0102 

locations 0103 and 0104 are used for temporary storage 

h. Xf is scaled at 2_16 

Assume A Xf has been calculated and is now stored in the accumulator. 

4-66, LATITUDE-LONGITUDE INFORMATION. 

4-67, All radio calculations will use aircraft location stored in units of degrees 
of Latitude (A) and Longitude (L) scaled for the continental United States, (See 
table 4-1.) Figure 4-20 shows the sign convention to be used for the United 
States, 

Table 4-1. Latitude -Longitude Scale 

Bit Degrees Nautical Miles Feet 

1 ±64-- 3,840 23,348,239.3 

2 32· 1,920 11,679,119.65 

3 16:- 960 5,839,559.825 

4 8· 480 2,919,779.913 

5 4 240 1,::159,889.956 

6 2; 120 729,944.978 

7 1· 60 364,972.489 

8 30' 30 182,,48.6, .245 

9 15' 15 1}1,243;t22 
I , 

10 7'30" 7,5 45,621.561 

11 3'45" 3.75 22,810.781 

12 1 '52,5" 1.875 11,405.390 

13 56,25" O,937S 5,702.695 
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Feet 

2,851.3475 

1,425.674 
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356.418 
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Figure 4-20. Latitude~Longitude Sign Convention 
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4-68. The values of A and L are derived from the following equations. 

Latitude =~. = (2.7411XIO-6) f [YLl + VMl + WNl + VWll 
Longitude = L = (2.7411X10=6) (sec~') J [UL2 + VM2 + WN2 + VW2] 

Where: L1 L2p M1 M2, are direction cosines 

Up V~ and Ware translational velocities along the Xi Y, and Z 
areaS respectively. 

VWl andVW2 are wind velocity components. 

The constant 2.7411Xl0-6 is the conversion factor for converting feet to degrees 
of arc. . 

4-69. The equaUons used for converting degrees to nautical miles follow: 

).' = 60 ). 

L' = 60L cos~ 

where~ ~'= latitude in degrees of arc 

~/= distance along any meridian in nautical miles (NM) 

L = longitude in degrees of arc 

. L' = distance along the parallel in nautical miles 

4~70. COORDINATE SYSTEMS. 

4-71. General. Many different coordinate systems are needed for navigation calcu
lations. The basic system will be LATITUDE=LONGITUDE (paragraph 4-66). 
Other coordinate systems used are the X = Y and a-c rectangular systems and the 
R .. '" polar system. 

.-72 •. x..,y Rectangular System. The X =. Y rectangular. system will be u~ed ,for .. 
recotder. applications'and in small areas where meridian convergence can be 
neglected. The system is a rectangular system and the X axis always polnts to 
TRUE NORTH (see figure 4-21.J. 

.,~73o' a-b Rectangular System. The a-b rectangular system is used in marker 
tHtacon and A-N range calculations for the rotation of the X - Y coordinate systeti 
through an angle 'I' where-90°>", > +900 • Figure 4-22 illustrates the sign con-
vention to be used. . 
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x 

"w -----...... -----E 

.. y 
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Figure 4-21. X - Y Coordinate System Sign Convention 

0. 

Figure 4-22. a-b Coordinate System Sign Convention 

4-74. R - 'II Polar System. The R - 'II polar system is used for bearing and range 
systems such as .in VOR and DME. The sign convention is illustrated in figure 4-23. 

W 
R 

. Figure 4-23 .. R - "'. Polar System Sign Convention 
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,4-75. Converting From L- X to a-b Coordinates. 

4~76. For small distances we can assume the L- X coordinate system to be truly 
rectangular, thus when converting from a L-'~ system to the a-b system (refer to 
figure 4-24), the .following equations can be used: ' 

4-30 

8GAS = 364,816 [(LS - La) cos X a sin'" + (X a - X s) cos'" ] 

boAS = 364,816 [(LS - La) cosX'acos'l' - (Xa -X s) sin"'] 

LS)AS 

N 

LQ.)ACl. 

" Figure 4-24. Converting From L- X To a-b Coordinates 
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, , 

. wtier~ L and ,).., are degrees 

cos .~ a is a function from the LFI 

sin'" and cosine' are statton data words 

BOAS and baAS are in feet 

Subscripts .. a is for ali'craft 
s is for station 

Derivation 

aoAS = HaAS sin ('" +«) 

= HaAS [sin 'I' cos cc + cos." sin C) 

bOAS = HOAS cos (++ a:) 

(1) 

= RoAS [cos'll cos cc - sin'" sin c) (2) 

cos a: = YGAs/RoAS' (3) 

sin C% :: XaAS/RGAS (4) 

Substituting equations (3) and (4) in equation (1) 

aoAS :: HaAS [sin'" YGAS/RGAS + cos'" XaAS/RGAS] 

8aAS = YGAS sin'; + XGAS cos'" (5) 

In like manner equation (2) becomes 

bOAS = YGAS cos'" -XGAS sin '" 

XoAS = 364,816 (~:a - X s) 

YGAS == 364,816 (Ls -La) cos ~a 

(6) 

,.(7) 

(8) 

where: 364,816 is the conversion factor for converting degrees to feet'b 

, Substituting equations (7) and (8) in equations (5) and (6) 

aaAS::: 364;816 [(LS .. 'La) cos~ a sin'" + (Xa .. '~s) cos, 1 (9) 

boAS = 36'4,816 [(La - La) cos X a cos'" .. (~a - ,). s) sin +] (10) 
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·4~77.LAMBERT CONFORMAL CONIC PROJECTION CALCULATIONS. 

4-78. The recorder plots in an X - Y coordinate system on a Lambert Conformal 
Conic Projection Chart. Because it plots in an X - Y system it is necessary to 
convert the aircraft location in the L- A coordinate system into an X - Y system 
for the recorder. 

4 .. ~9.· The following equations are to be used for the computation of the X - Y 
coprdinate for the recorder~ (Refer to figures 4-25 and 4-26.) 

4-32 

Y = (La - LO) sin. (1) 

p a = p' 1 + 60 (A a - X 1) + f(A) (2) 

p 0 = P' 1 = 60 (A 0 - A 1) + f( X) (3) 
1 . 

Xo = 72913.2/ f- p 0 (4) 

Xc = 72913.2/fL (-p a) cos Y + Xo (5) 

Yc = 72913.2/ fL P a sin 

where~ 

L = longitude (degrees) 

A = latitude (degrees) 

p = radius of cone (NMI) 

Y = degrees 

X = X coordinate (inches) 

Y = Y coordinate (inches) 

fL = scale factor (e.g., with a 1:2~000,000 scale fL = 2,000,000) 

72913.2 = number of inches per nautical mile 

S ubscr ipts: 

o pertains"t6' chart reference points of (0 1 0) 

LaJ;ld'.2 pe.rtains to standard parallel of projection where subscript 1 
is for the greater value 
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Figure 4-25. Lambert Conic Projection/Plane Perpendicular To Projection 
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a, tH,: i't :nllS U) aircraft lr)c atiull 
t ~t' rLl.lnS to chart' 10(' ation of pt~n 

,:~: ¢ , p , :i.nci i (\.) :jl'E' t'mpf·rical functions unique to the standard parallels for 
Ll(' \,;ro; d:t iOll U~,hi. Thl'~(' te rms are explained in paragraph' 4-77. 

1·80, El':lPLHrC:\L FUl\CTIONS. 

4-t;i. T'~\ cuBC oi proJf;cttU!1 makes an angle cP with the axis of rotation of the 
(':l,r: 1i-f'l.1' ':'11(1 cP the sine of the angle also considerti the eccentricity of the earth. 
lilt.::.. tquat lUli f<;r ttl\' SlIH: of 4> follows: 

;jUl cP .= log cos \. 1_ - log cos). 2 + log N 1 - log N2 ' 

log tan (1T -t ).. 2) - log tan (1T + A 1) 
T T "2 

p wherE:' E - eccentricity,,;;: 0.0822751 

a radius 01' parth = 3437.75 NM 

P 1 is the radiUS of the concentric e ircle in NMI, representing A 1 
un the chan projection. 

P 1 

The vaiu(:.; ul sin 4> and p 1 for the standard Lambert Projections 
used With the TWA. 727 is at-; follows: 

Standard Parallels P 1 

4591.524 NMI 

4» sin 

0,.627926 

4·82. f( ).a) is a currt'.ctiull factor added to equations (2) and (3) (llaragraph 4-77); 
tu increase the aceural'y of the radii since the 60 (NM/Degrees) is, an approxi
md.tloll. Tlw (·xad valttt: of p can be calculated by the following equation. Having 
tjlt~ l'~xact \alut, uf p, the correction factor [f(). a}] can be calculated and plotted 
~l.:-; a functiiJil (,1' A. ~t. 
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where Ci = In e 1 + sin ~ In rtan (71') + (X ).] L T T 

t = the exact radius of p at A 

X = latitude of point in question 

Therefore 

f( ~) = r :; f> 1 ~ 60 ( A - X 1) 

4":'83. MARKER BEACONS. 

4-84. All types of 75 MC marker beacons are simulated by using the following 
equations~ 

a. FM E = 695h/8a2 +; b2 + 8h2 

b. BONE E :; 600h/8a2 + b2 + 4h2 ~O.5 + I~~ where/~1 S 1 

c. U.s E = 64h/8a2 + b2 + h2 

d. LFM E - 20h/2a2 + b2 + h2/4 - 80h 
8a2 + 462 + h2 

Z E = 72h/8a2 + 8b2 + h2 

In the above equations: 

a ::: distance from station to aircraft along the minor axis in feet. 

~. = distance from station to aircraft along the major axis in feet. 

h = altitude of the aircraft above the station in feet .. 

E::: signal level at the aircraft in volts. 

4-85. LFRR CALCULATIONS. 

. 4-86. General. The four "Coarse Legs" making up the LFRR patterns wi,!l be 
simulated through the use of four circular radiation patterns (see figure 4 .. 27). 

4-87. Opposite pairs of circles represent the "A" and "N" signal, the centers of 
these circles form an "a=b" rectangular coordinate system. The "Course Legs" 
are the" areas where the circles overlap. In order to provide the necessary com
bination of "Course Legs" it is necessary to provide rotation of the rectangular 
coordinate system (see figure 4~28). This angle of rotation is always measured 
from "TRUE NORTH" and the a axis. 
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a. 

Figure 4-27. A-N Course Legs 

COURSE 
~E6"4 

~~---- COURSE 
LE6' , 

COURSE b 
LEG it 2 

Figure 4-28. A-N Range Rotation 
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4-88. A-N Audio. To simulate the A-Naudio, a servo with "A" audio on one end of' 
a potentiometer and "N" audio on the othe'r end of the potentiometer (figure 4-29) 
is required. ' 

liN" S'6t--lAL - __ ----. d = +1 

. ',:, 

j" " A-N SIGNAL 

d=-\ 

,Figure 4-29. A-N Range Audio Servo 

4-89. The "A-N Range Audio" servo will have an input which represents the "A" 
'" to "N" signal ratio. If d is the servo displacement from ~enter, then dmax = +1 

; ., and dmin = - L Solving for d as a function of n and a, the following equations are 
, derived: 

a:::: 1 - d 
2 

a=l-d 
n 1 + d 

a + da = n - dn 

d=n-a 
n+ a 

(1) 

where a and n are the signal levels of the A-N signals of the aircraft. 

4-90. Assuming that the "a - b" coordinates to the aircraft have been solved (para- " 
graph 4-73), refer to figures 4-30 and 4-31. 
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Figure 4-30. A-N Range-Vertical Plane 
, 

Since "a" and "n" are the audio signal levels atthe aircraft 

a=Kas (2) 
Rs 

n =.Kns (3) 

Rs 

AIRCRA~T 
LOCA110N 

where K is a constant of proportionality which is dependent on the power and 
range of the facility 

Rs is slant range 

as and ns are relative slant range vectors illustrated in figure 4-30. 
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.. Figure 4-31. A-NRange .. Horizontal Plane 
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From figure 4-30 

as = ao Cos « 

, ns = no Cos c 

Cos CC = HaAS 
Rs 

From figure 4,-31 

ao = A sin'" 

l1G = N Cos ." 

sin'" = boAS 
RaAS 

cos 'II = 3GAS 
HaAS 

MARK,I 

(7) 

(8) 

(9) 

(10) 

Combining equations (2)~ (4)~ (6), (7), and (9) 

a= KA bOAS 
Rs2 

(11) 

Similarly, equations (3), (5), (6), (8), and (10) become 

n = KN aGAS 
Rs2 

(12) 

Substituting equations (11) and (12) into equation (1), the servo input becomes 

KN aGAS - KA bOAS 
Rs2 ' Rs2 

d == KN aGAS + KA bOAS 
Rs2 Rs2 

d == N aGAS~ A bOAS (13) 
N aGA$+ A bQ~ 

.-9.1. The diameters Of the four circular patte~ns required on the "Radio FacUity 
, Data" sheet are obtained by using the following , equ~tlo~s: ' 

, == ,r 3 .., Y' 4 +1800 ' 
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, 

«=Y3-Y2 

~ = Y 1 - Y 4 +3600 

where Y 1 through Y 4 are given 

k = tan (~ "" 8 ) + [ 1 J [tan ~ + tan 8 + tan (~ - B )] 
tan ex: tan 8 '., 

tan b = -k + ~. k2 + 4 
2 

E 0 = Y30 _ bO - 1800 

where € 0 is the angle of rotation of the pattern 

a = 8 - b 

c = ~ - a 

d=a:-b 

D = 1 V (tan b \ 2 + tan2 a + tan2 b + 1 
\ian d) 

A = ID tah al 

C = ID tan bl 

B = Ie tan dl 

where A, B, e and D are the diameters of the four circular patterns. 

4-920 A sample "A-N Range Data Sheet" is shown in figure 4-32. 

4 .. 93. Th~ A .. N Range pattern for the information contained in row 1 6I;figure 4-32 
is shown in figure 4-33. 
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Y1 +106 

1 1000 090.0 

2 1000 049.0 

51000 057.0 

13 1000 002.0 

. 25 1000 049.0 

31 1000 041.0 

-;! 

MARK I 

ANGLE OF 
GIVEN ANGLES ROTATION CIRCLE DIAMETERS 

Y 2 +106 Y 3 +106 Y4 +106 ~ :t10,000 A +100 B +100 C +100 D +100 

1000 175.0 1000 229.0 1000 346.0 10 029.225 10 0.6251 10 0.34814 10 0.23709 10 0.66056 

1000 156.0 1000 229.0 1000 336.0 10 012.499 10 0.42010 10 0.56841 10 0.42060 10 0.56841 

1000 107.0 1000 237.0 1000 302.0 -10 004.566 10 0.51847 10 0.28073 10 0.71026 10 0.3.8457 

1000 092.0 1000 182.0 1000 272.0 -10 043.000 10 0.50000 10 0.50000 10 0.50000 10 0.50000 

1000 148.0 1000 229.0 1000 310.0 10 004.000 10 0.57206 10 0.57206 10 0.41562 10 0.41562 

1000 123.0 1000 221.0 1000 303.0 -10 008.000 10 0.53366 10 0.46390 10 0.53366 10 0.46390 

Figure 4-32. A-N Range Data Sheet 

TRUE 
~ORTH ~o 

\;~~~ 
.. ~ .. 

Figure 4·33. A-N Pattern for Row 1 Figure 4-32 
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·4-94. SAWTOOTH GENERATION FOR CONTINUOUS ROTATION SERVO DRIVE. 

4-95. General. In order to drive the continuous-rotation servos assoc.iated with the 
simulator peripheral equipment, it is necessary to generate two voltages linear with 
respect to the shaft angle as shown in figure 4-34. 

4-96. If the angle exists explicitly in core memory, there will be a linear function 
of the angle. This function may have to be modified in some way to get it in a form 
similar to the "Red" sawtooth of figure 4-34 and, then,have unity added to or sub
tracted from it to get the "Black" sawtooth .. This is, a matter of routine program-
ming. . . 

4-97. If, however, the sine and cosine of the angle is in core memory the problem 
is more complex. The starting point is a truncated series for the arcsine: 

+ 1.0. 

-1.0 

4 ... 44· 

~--------~~--------~r-----~ ~ 
: 1.0 
: ~~'f. 
I Cb'v 
I 
I 

I 2.0 
I 
I 
I 
I 
I 

Figure 4-34. Sawtooth Functions 
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9 = sin .. 1 Z=, Z [al + b', " ~2J 
wher,e at ,= 0.986706 

b
' 

= 0.24803 

(1) 

, ( 

4-98. Equation (1), with the given value of the constants, is valld for .450 ~ 0 '~ + .50 • It ilexact,at z,ero and at the end pOints 'and has a maximum error of 7.32 
mln~te. in this range. . 

4-99. Relationship Between 8 and'll. Because of the restricted range of validity 
of ~quation (I), the quadrant in which", lies must be determined to operate on it' , 
appropriately. If the angle. lies in the first quadrant, subtraction of 45° guarantees 
a value for 9 within the valid range. Likewise,for a second quadrant angle sub
tract 135°; third quadrant 225°, and fourth quadrant 3150. Following this scheme 
the following equations were derived~ 

First quadrant: Z = sin 8 - sin (til .. 450 ) 

= sin tJI Cos 45° = cos til sin 45° 

= 1 [Sin tJI - cos tJI ] 
12 ' 

(2) 

I Second quadrant Z = 8 = sin (tJI.. 135°) 

I 
I 
I 
I 
I 
I 
I 

:1 

tl , 

= sin tJI· cos 135°.. cos tJI sin 1350 " 

=! [sin tJI+ cos tJI ] 
12 " 

Third qUadrant: Z = sin '8 = sin(tJI .. 225°) 

=, sin tJI cos 225° -, cos tJI sin 225° 

=! [sin tJI - cos tJI ] 
vr 

Pourth tba.drant:· Z = 8 = sin (1/1 .. 315°) 

== sin tJI cos 3150 .. cos tJI sin 3U~0 

= 1 (aiD 1/1 + cos~) 
it 

(3) 

(4) 

(5) 
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. :4-100. Equations (2) through (5) all have the same form, differing only in their 
prefix signs which are systematic, alternating from quadrant to quadrant. To 
simplify the equations the following identities are assumed: 

x =: sin l/I; y = cos l/I; and H = /x/ = /y/ 

Equation (1) becom es: 

8 = :t1! [at + b' H2] 
2 2 

or, normalizing with respect to 1r 

81 =:t:H [at + bH2] . 

where: a. a' • 0.22208686 m 
b • Ii • 0.0.2791314 

2V11T 

(la) 

(8) 

The plus sign applies ·In quadrants I and III, and the minus sign inquadranta II and I". . 
4-101. The relationship required between 8 and 1/1, as defined in pUlII'aph 4-99 and 
as liven by equation (6), in normalized coordinates, is ahown in fllar- 4-10. . 
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I 
I QUAD. m and. ISr 
I 
I 
I 
I 
I 

1.0 

Ftgure 4-36. Results of Addition to Figure 4-35 

2.0 

4-102. Compariscm of figures' 4 .. 34 and 4-35 illustrates what must be done in pro·· 
gramming to compqt., the sawtooth. ·If one -fourth 1s added to the curves· in figure 
4-35 corresponding to. quadrants I and m, and three-fourths to the curves for 
quadrants n and IV the result will be as shown in figure 4-36. . 

4-103. If the angle 11es in quadrant I or quad,rant n equation (6) has effectively given 
the "Black" sawtooth. If the angle is in quadrant m or IV solve for the "Red" saw- . 
tooth. In either case it is only necessary to subtract unity to obtain the other func-
tion. . . 

4-104. Quadrant detection ,is achieved by defining three Boole~ functions: 

1. 1(1 • 1 when sin tSI<O 

2.' ~ • 1 when cos tSI<O . 

3. 1(3 • 1(1 G) K2 • K1K2 + K1Ka • 1 when Kl • K2 
. . , 

or K3 • Kl (f) f2 • K1Ka + K1K2 • 1 when Kl • K2 

4-105. K1 = 1 means that 7rtSl<.21f and K3 • 1. In the second sense it means that 
the &.nile is either in quadrant I or quadrant UI. The second form for K3 is more 
convenient in implementing the program. The8e two functlou are IUfttcient to . 
establish all Mcessar), conditional 

4-106. Ftaure4-3'1 i8 a 8ample problem of this nature. The "Black" sawtooth is 
as8ume~ to be stored in core memory location 0848, and the "Red" sawtooth in 
0647 •. other ·location8, while given, were chosen at random. 
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. '. :.4-107. RATE DRIVE .FOR-CONTINUOuS ROTATION SERVee~ 
., .. ~" . .' .... . . 

.. 4-108. General. Functions·such as ADF manual loop ·drive or gyropreces81on 
terms requti'e a method of driving ·pOsitioR·-servo-.'1n· such a way as to give the· 
effect of velocity' servo perfQrmance. The s&.nlple program discussed ln the.follow-
1ng parasrapbe glves this effect .. 

4~109. "Two 'UlumptlODl ire to be made in th.ll lample program. The·flrlt 11 that 
. a: modified form of the "Red" lawtooth (refer to p~agrapbs 4-94 tbrouah 4-108), 
. asloc1ated w1th the qular function lnvo,lved (lee figure 4-38), haa been generated 

;., . U,ld' stored in the machlne u part of the bulc aawtooth-generatlon prOilram (para-
igr.,ph 4-i08)., " . . . . 
i 
i 
I' 
I 

I. 
i' 
t 

I' 
I 

, -~ _ ... _---------,----------
I 
I 
I' 
I 
I I, 

------~------------------__ --~I--~~~, .~ 
, 2.0 " 

Figure 4-38. Modified "Red" Sawtooth 

4-110. The se~ond assumption is that an incremental angle, l::t. "'., as a functl~n of 
the required rate and the band on which the program has been written haa alIo 
.been atored in the Mark 1. 

.'. 4.111. The modifled "R~d" sawtooth as 'shown in figure 4-38 11 used for two •• a
Ions. First, it makea the program overflow-proof, and, second, ·It Ilm.plifiel ti)e 

"generation of Boolean control functions. Let the .followlng functloDl bold true. ' 

Arithmetic: 
, . 
I 
! .. , 

,'" : , 
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, Il '" = ~cremental Angle 

. '" R = Last computed value of modified sawtooth 

",'R = ." R +Il '" = New value of modifled sawtooth 

Boolean: 

A = 1 when Il '" is negative 

B = 1 when (",'R .. 1/2) is negative 

C = 1 when'" I R is negative 

I 
I 
I 
I· 
I· 
·1 
I. 
I' 
I' 
I. 
I; 
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I· 
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I. 

. ·1' 



\ 

I 
:,1 

I 
I 
I 
I 
'I 
I 

II 
'I 
I' 
I 
I 
I 
'I 

MARK I 

4~f12. Examination of figure 4-38 shows that there are two critical points for ' 
'" R to be checked. Obviously, if '1" R has a value near zero and!J. 'It is negative, 
",IR must be checked to see if it is negative. If '1" R is negative add one-half to 
obta.in the correct value. If l/I; R has a value near one-half and A '" is positive, 
"iR must be checked to see if it is greater than one-half~ If this condition exists, 
subtract one-half to obtain the correct value. Under any other circumstances, the 
computed value of '/I I R is the correct value. " 

, 4-113. '/II R must be "operated" on to retrieve the correct form for the "Red" saw
tooth, and either add or subtract one, as required, to obtain the "Black" sawtooth. 
Figure 4-39 is a sample program for a problem of this type. 

4-114. DIAGNOSTIC PROGRAM. 

4-115. Diagnostic p~ograms serve as a check to ensure that the Mark I is per .... 
forming functions within its capabilities (adding"; subtracting, multiplying etc.). 

4-116. Diagnostic programs utilize the "Conditional Stop" instruction in conjunc
tion with the "Conditional Skip" instruction in all phases of the program (i.e., if a 
certain condition is met, skip to the next part of the program; if not, stop) 0 As 
readily seen this type of program is a valuable aid to maintenance personnel. 

4-117. A sample diagnostic program to check the multiplication process within the 
Mark I is illustrated in figure 4-40. 

4-118. PUNCHED CARDS. 

4-119. General. IBM type 5081 punched paper cards are used to contain the 
permanent program for the Mark 1. Each card has 80 vertical columns and ten 
hori,zontal rows numbered zero through nine. Above row zero there is space for 
two punches. The "eleven" punch is parallel with and directly above row zero f ·, 

with the "twelve" punch in parallel and above the "eleven" punch. 

" 4-120. The allowable characters to be punched on the cards for use in conjunction 
with the Mark I and Tape Preparation Unit (including Card Reader), are the ten 
numerics (zero through nine), all upper case alphabetics, and the following' special 
characters: 

a. Left Parenthesis (Punch in rows 0, 4, and 8) 

b. Right Parenthesis (Punch in rows 12, 4, arid 8) 

c. Left Bracket (Punch in rows 11, 3, and 8) 

d. Right Bracket (Punch in rows 0, 3, and 8) 

e. Equal Sign (Punch in rows 3 and 8) 
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DATE 26 MAY 1963 
PROBLEM YEIOCITY SERYo nRTlTE 

PROGRAlliER J. HOOP 

. -..... ---. 
MNEMONIC .... MEM. I N,STRUCT I ON ... 

CODE ";8 -' _R ADD. '" ou u 
' .. 

I • • ••• 7 . " I .... '" 
o 1 LD 2 '" 2'7 8' 

0'2 ' FLN 1 ~ 10 0 0 

o 3 ADD o 1 1 0 0 
"1 0'4 FLN l' II 10 0 0 

, 0 5 SUB 10'2 12' 1 1 

0'8 FLN 18 10 0 0' 

o ., OR 3 0 o 0 0'( 

o 8 BIN 3 2 o '0 0' ( 

o 9 SKP 2 6 0'0' 0' f 

1 0 ADD o 1 2'1 ? 
1 1 BLD 133 10 '0' 0' 

1 2 AND 3 1 o 0 0 
I 

1 3 BIN 3 2 o 0 0'( . ' .. _I> I~ A Ill' n n 
.0: ",nn In I~ • 
'I 6 ST 12 '3 12 '0 DC 
1 ., SUB o 2 1 00 5 
'I 8 SCL 11 'c l1~ro', 

1 9 ST 2 3 2 0 0 1 

2 0 FLN 118 10'0 'o'~ 

2 1 ISKP 12 '6 10 '0 0'3 -. 
2 2 I SUB o 2 2 500 

2 S i RIN 13 '2 10'0 '0 C 

2 4 SKP 2 6 o 0 0'1 n 
2 5 ADD o 1 2 5 00 I , 

23 ~ 2 • ST 

. ....,.-===-.~===.;;,:;.r..~~.~::;jj; ..... '".:.";_.J~.i..>.~W.-JJJ.!.!-'u..'J....""'~, .... _, ......... , ............ _"' __ ~_ .... ,.._ .... _.,_~~j .. ~~ .... ' ... ~ ... <'""';'O"h~-• ..".."._:;"',,=-"-;:..-=-.,..,.~~.,...,._ .... o;~ ___ ~-""'~~~~~~~~~iJIo~_ 

ARITHMETIC 
ACCUMULATOR 

L'\,1Jr 

16w+h ~;hRI 

h"-'8_./2 

T''R 

.. /r'A I~ 

i;j-R 

iVR - 1/4 
14 TVR _ 1/41 

I.. r-iJ.-R - 1/41 -1 

I .. Mr R - IIi) +1 

coo'la AID COISTAIT SHEET 

MARK , ,COMPUTER 

BOOLEAN ,: ... ACCUMULATOR 

'" II> 

" 
(' 

'" 
A+B 

'A"+B =AB 

A 

AC 

AC = A +c 

n 

", n 

I .. r1lr R _ 1/ .. '\ .. 1 n ... ('flo R _ 1I~ -

PAGE~OF---L--

- ... 
,:. >-
-' .... REMARKS '" '" .. ... 

...- "'_'6 
A=I=,,>~n , Porm#'R 

r- C=I_T'R n 

'\ \ 
1'1 .. B = 1 ~~R _ • I'll < n 

" , , AM 112 tn -:.L'R 

'" ~ III 

, , , 1_"RAoI"_ 

/11 ~ /11 PI D = 1 ='>UR _ • .1.1. < n 

Sa-' a- tn ,.~. • .... aft~ ............... 

AM no... tn r ... t "RJ .... Ir .. lb ......... 

I lit .... ''AI_, ............... 

Figure 4-39. Velocity Se_rvo Drive Program 
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DATE 6-2'1-83 
PROBLEM DIAGNOSTIC TEST (MULTIPLY) 

PROGRMllER S. JONES 

' .. 1I:14.A 

I N5TRUCT I ON NNE_,C .... MEM. ... 
CODE ":8 ADO. ... 

NUMBER c au :,: 

123.,.7 

o 1 LDX 2 2 5 2 52 

02 SCL 1 0 1 0 0 5 

03 SCL 1 0 1 0 0 '5 

04 SCL 10 .1 j) 02 

0'5 LDK 2 2 5 2 5 2 

06 ADD o 1 GOOO 

0'1 LDK 2 2 12 0 00 

08 lILT 03 ,0 0 0 '0 

09 NPA 1 2 o 0 00 

I 0 INPB 2 5 .3 '7 '1 ''1 

1 1 NPA 1 2 o 0 00 

t 2 INPB 2 '5 :3 7'1'1 

1 3 SFT 11 o 0 02 

t 4 SUB 02 :0 0 00 

1 5 SCL 1 0 o 0 05 

I 8 SCL 1 0 rOO 05 

1 '1 SCL 1 0 o 0 05 

1 II !!rl, '0 10 II 'os 

1 9 SCL 1 0 o 0 02 
'20 ~FT 11 io {\ 01 

2 1 JNV 1 3 o 0 00 

2 2 FLN 1 6 00 0 '0 

2 3 SKP 2 6 o 0 0 1 , 
2 " 

iSTP ~''1 II (\ 0 0 I 
.J 

- -'- - -

ARITHMETIC 
ACCUMULATOR 

10101010101 

10101010101 

COD 1116 AIID COIISTAIIT SHEET 

'MARIC 1 COMPUTER 

BOOLEAN > ACCUMULATOR ... 
c .. 

'\ 
~ 

10101010101010101010101 = N - 2 I' 
2-2 - 11/4) .. ~ .at 

2/3 (2-2) 

2/12 = 1/6 

1/6 (4) = 2/3 = A 

1+1 

(-I 

, I 

- - - - - '-

PAGE--L-OF--L-

-
> .. REMARKS .. ., 

Load Coostant 

Scale lil2ht1iYe PlacJls 

Scale Rbrht Flve PI""es 

Scale Rl2hi Two Places 

'''''''' Cnno t .. nt 

Add SalYlll!:e Ret!:lstet' to ,to "'. ,,., 
'N = 2/~ 

Load Cnn,""nt 

MultlDlv BY SalWlre 

Shift "rIIra PI"".". Tn Form Constant A = 2 L3 
Subtract Sal"""e (A - N = El'l'n .. l 

Place The LllAt nl<rit Of An ......... ln'J'ru> SlaA~atlOll 

SkiD To Next l'Iuuoe Of p,.""" ..... If An .. _ .... l"n_ "t ft;o. ft, 

Stop If Answer Incorrect 

---- -----

Figure 4-40. Diagnostic Program 
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f. Plus Sign (Punch in rows 4 and 8) 

g. Minus Sign (Punch in row 11) 

h~ Decimal Point (period) (Punch in rows 12~ 3, and 8) 

i. Asterisk (Punch in rows 11~ 4~ and 8) 

j. ,Division Sign (Punch in rows 0 and 1) 

k. Ampersand or Plus Sign (Punch in row 12)* 

I; *Used to arm the TPU 

I: 

I 
;1 

I' 

! 
: 

NOTE 

An "11" punch plus one of the allowable numerics punched in the 
,same column is used for the flag bit, A "12" punch and "11" punch 
in the same column constitutes the Block End Code. 

, 4-121. Figure 4-41 ,shows all allowable characters.that may be punched on a card 
when used with the Mark I and Tape Preparation Unit. 

4-122. The first card for the first quadrant of each General Purpose or Interpolator 
band must contain a "12" punch followed by seven NPA instructions. For aU other 
General Purpose or Interpolator'band quadrants, and the four Data Preselector " 
band quadrants, the first card must contain a ','12" punch followed by one NPA in
struction. 

4-123. General, Interpolator~ Preselector and Core Memory programs have indi
vidual card formats. 

4-124. General Program Card Formats. General Programs may have either of 
two card formats: 

a. One instruction per card (same as the "Coding and Constant" sheets). 

b. Eight instructions per card plus a sort number ~ and an equation "header" 
card for each individual program within the overall General Program. 

'4-125. The card format using one instruction per card is as follows: 

a. Column 1 through column 4 are reserved for the equation number 0 The 
equation number is dependent upon the type of program being prepared. TabIe 
4-2 lists the equation numbers for the various types of General Programs. 
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(~BC'(lEFGH I Jf(l,.N~!)F·Q!<:ST!JV!'J:WZ 01 :~:'H5:;'?!:!9 -- =-= « » $$ " •• / / 
, 111111111 ++ II [[ JJ II ++ .. 

111111111 .... II "12" PUNCH 

00000000000000000011111111001000000000000000001100000001100001100088000080080180 
'Z3.SI"'W"nUM~~"~~~VHnMHavaH.~»»~».P.~~~q~~~"UUU~~~"~~S~S~.~RUM •• N ••• "nnu~.n ••• 

11 1 1 1 1 1 1 111 1 11 1 1 1 1 1 IIi 1 1 1 1 1 1 111 1 1 1 1 ,I 1 1 1 1 I 1 I 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

, 21222222221222222212222222222212222222222222222222222222222222222222222222222222 

3313333333313333333133333333333133333333333113333333113113.133333333333333333333 

"'1.4444444144.44441444444444441444444411444411411444444444444 •••• 1144444444444 

55551555555551555555515555555555515555555555555555555555555555555555555555555555 

6666616666666&16'66666166666666666166666666666666666666&&&&&&&&& •••••••••••••••• 

77717717777771111717777111117777777171177717111111111711717777717777777777777177 

8888888188888888188888881888&8888888188811811811,11111811111 ••••••• 11 ••••••••••• 

9'99999199999'9919999999199999'999991999999~9999999'"9,'.,9 ••••••••••••••••••• 
.14S.7 •• ~"n"U~~"~~H"nnMHHHa.»v»»M»5 •• _e~~uq~.U •• ~~U9" •• ~ ••• ~RUM •• p •• ~"nnM3~n~ •• 
, ~~~S? 50.. ' 

Figure 4-41. IBM Type 5081 Paper Card 

Table 4-2. General Program Equation Numbering System 

Equation Numbers 

000 - 0999 

1000 - 1999 

2000 - 2999 

3000 • 3999 

4000 • 4999 

5000 5250 

5251 - 5500 

5501 ·'5750 

5751 5999 

6000 • 6999 

7000 7999 

8000'· 8999 

9000 - 9499 

9500 - 9999 

Simulator Section 

Flight Equations 

Expansion 

Flight Accessories 

Expansion 

Engines 

Air Conditioning, Pressurization etc. 

Electrical 

Hydraulics 

Expansion 

Engine Accessories 

Expansion 

Nav. Comm. 

Expansion 

Misc. Simulator 
4-55 
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b. Columns 5 through 7 are used for the instruction numbers within the 
specific program. 

c. Column 8 always has a "12" punch to inform the TPU that an instruction 
is about to be received. 

d. Columns 9 and 10 are used fo~ the O.P. Code. 

e. Column 11 is left blank. 

f. Column 12 through column 15 are reserved for the memory address. 

g. Column 16 always has an "A'! punch which disables the TPU. 

h. Column 17 contains either a plus or minus sign for the scale factor. 

i. Columns 18 and 19 are reserved for the scaling factor. 

j. Column 20 is left blank. 

k. Columns 21 through 80 are reserved for remarks. 

4-126. The card formats using an equation "header" card and eight instructions 
, per card are as follows: 

a. Equation "header" card. 

(1) Columns 1 through 4 contain the equation number. (Refer to para
graph 4-125.) 

(2) Columns 5 through 20 are left blank. 

(3) Column 21 is either F, M, or S to indicate the type of band to be used. 

(4) Column 22 would contain a number one through eight to indicate 
which one of the particular bands is to be used. ' 

(5) Column 23 is used to indicate which drum quadrant the equation is 
on. If the equation is for slow band four quadrant three, column 21 would contain S, 
column 22 would be four and column 23 would be three. 

(6) Column 24 is left blank,. 

(7) Columns 25 through 26 contain the three digits giving the total num
ber of instructions for the equation. (The header card is considered an instruction.) 
Thus, a 29 step program appears as 030. 

(8) Column 27 is left blank. 
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MARK I 

(9) The trainer designaUon is printed using columns as required. 

(10) The equation name is printed after the trainer designation. 

. (11) The name or initials of the programmer follows the equation name. 

(12) The initials of person making the current rev'ision (where applicable) 
follow the original programmer's name or initials. 

(13) Next the date is printed (this is the original date of the program 
unless revisions have been made) in which case, the current revision date is used). 

(14) Last, the current revision letter is printed (when applicable). 

b. Eight instructions per card formaL 

(1) Column 1 of the first card in the program contains a "12" punch 
followed by the NP A instruction, All other cards required in the program would 
have a "12" punch in column 1 followed by the Q,P. Code and Memory Address, 

(2) Columns 11,21, 31, 41, 51, 61 and 71 all contain a "12" punch 
followed by the O.P. Code and Memory Address, 

(3) Columns 78 through 80 contai.n the octal number of the card in the 
General Program, 

4-127, Linear Function Interpolator Card Formats. The card format for all 
Interpolator programs is consistent except for the number of cards required to 
complete the program and the sort number. The sort number is a combination of 
two alphabetics and three numerics starting with AAOOL Card formate Tor one, 
two and three variable functions follows, 

·4-128. Single Vari.able Function. A single variable function will require five cards 
to complete the program. All cards will have a "12" punch in column 1 followed by 
an "11" punch plus the start of the first word in column 2. (The "11" punch is used 
for the flag bit.) There will be an "A" punched tn column 73 of all cards in the 
program, and the sort number punched in colu.mns 76 through 80. 

Card L The control word will be punched starting with 100 tn column 2. 

Card 2. The addre~.s of the independent vari.able X punched five times 
starting in columns 2, 10, 18,26 and 34, and.preceded by a "12" punch. 

Card 3. Contains the dependent variables starting in column 2. Each 
additional dependent variable will be punched starting eight columns from the start 
of its predeeessor. All dependent variables will be preceded by a "12" punch. 
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C.ard 4. Contains the computer time starting in columns 2 and 10 and pre., 
ceded by a "12" punch. 

Card 5. Contains the answer address repeateq five times. This card will 
also have an "11" punch in column 34. 

4-129. Two Variable Function. A two variable function will require a maximum of 
14 cards to complete the program depending upon the size of the data field. 

Card 1. Same as Card 1 paragraph 4-128 except the control word will start 
with 200 in column 2. 

Card 2. Same as Card 2 paragraph 4-128. 

Card 3. Address of independent variable Y. Card format is the same as 
Card 2 paragraph 4-128. 

Card 4. Same as Card 3 paragraph 4-128. 

Card 5~ Card 12 (where required). Same as Card 3 paragraph 4-128 except 
there will not be an 11 punch in column 2in any of these cards~ 

Card 13. Computer': Time. Same as Card 4 paragraph 4-128 except repeated 
in columns 18 and 26. 

Card 14. Answer Address. Same as Card 5 paragraph 4-128. 

4-130. Three Variable Function. A three variable function could require up to 87 
cards to 'Complete the program. 

Card 1. Same as Card 1 paragraph 4-128 except the control word will start 
with 300 in column 2. 

Card 2 and Card 3. Same as Card 2 and 3 paragraph 4-129. 

Card 4. Address of the independent variable Z. Card format is the s~e as 
Card 2 paragraph 4-128. 

Card 5. Same as Card 4 paragraph 4-129. 

Card 6 - Card 85 (where required). Same as Card 5 - Carcf12 paragraph 
4-129. 

Card 86. Same as Card 13 paragraph 4-129 except repeated in columns 34 
and 42. 

Card 87. Same as Card 5 paragraph 4-128. 
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4-131, Data Preselector Card FormaL The card format for Data Preselector 
programs is consistent except for the number of cards required to program the 
various groups of fac ilities. (See Appendbc Ao) 

4-132. Each Data Preselector Card will contain the following information: 

a. Type of facility 

b. Call letters 

c. Memory address ~ (Refer to paragraph 3-64.) 

d. Simulator designation 

e. Facility information (one word per card i.e., latitude, longitude, fre
quency etc.). 

The binary equivalent of the facility information may also be punched on the card, 
but this is optional. 

4-133. A "12" punch used to inform the TPU that information is about to be 
received must be in the column directly preceding the facility information. 

4-134. Data Preselector cards will have the first letter of the facility type punched 
in column 1, and the last numeric of the facility information (binary equivalent 
only) in column 80. All other information is approximately evenly spaced across 
the card. 

4-135. Core Memory Cards. The punched paper cards used in conjunction with 
the Core Memory have no specific c.ard format. The only requirement is that a 
"12" punch appear in the column directly preceding the Core Memory word. The 
Core Memory card usually contains from one to four Core Memory words. 

4-136. TAPE FORMATS. 

4-137. Work Tapes. A paper work tape shall be prepared on the Tape Preparation 
Unit (TPU) through keyboard entry or by using the tape reader to copy another 
work tape. Work tapes shall have a maximum content of one 1,024-word block of 
data, and shall not be used to operate the drum loader. Work tapes can be repro
duced with blank spaces but shall ignore deletes. 

4-138. Work Tape Special Codes, The following special codes shall be included 
in a work tape: 

a. Block End, or Stop Code: 11111-001 shall indicate the end point of a 
quadrant (block of 1,024 words). 
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b. Delete Code: . ~'.11111~111 shall be used by the operator to delete any 
desired tape data word. This code must be punched over allUnes of the work to be 
'deleted. 

c. Gap Code: OOOOO~OOO shall be used as desired between data words to .. 
provide tape gaps for later insertion of modified wo~ds or for tape splicing. A 
work tape maybe spliced between any two data words. 

d. Dummy Code: 0111 shall be placed at the most Signification end of the 
first line of each data word except for general purpose instruction words. This 
dummy code will be punched automatically in each first line when used. 

.-139. Master Tapes. A master tape (paper backed Mylar) shall be prepared on 
the TPU by using: (1) the tape reader to copy a work tape or a previous master 
tape; (2) keyboard entry, or (3) readout of the accumulator or core memory 
contents . 

• -140. The form of the data words on a master tape shall be identical with their 
form on a work tape, but delete codes shall not be permitted on the master ~ and . 
there will be no gap codes, except between data blocks. The transformation of a 
work tape to a master tape shall consist of removal of all deleted data words and 
of all gaps within the data block . 

• -1.1. U .. the master tape contains more than one data block, the succeeding blocks 
must be arranged in block address order. The setting of the first block address 
into the drum loader is performed manually, but succeeding blocks shall be trans
ferred automatically to addresses in ascending order. Table 4-3 lists the addres8 
for the first word in each block (quadrant) ~ and the band on which the quadrant ia 
located. 

.-142. The final block of a multiple..;block master tape will have a block end code 
(paragraph 4-138)modtfied toa reel end code: 11111.101~ through the operation cI. 
"a manual keyboard control. In a Single-block master tape, the block end code will 

, stoP. the drum loader, but in a multiple-block master, a control change will cause 
the block end code only to load the block data and then continue, while the reel end 
code stops the drum loader. 

4.148. Each tape used for loading the first quadrant of every General Pllrpose or 
Interpolator band must be started with seven NP A instructions while every other 
quadrant associated with either the General Purpose or Interpolator bands must be 
.tarted with one NPA instruction. Data Preselector tape need only have one NPA 
iutrucUon for the start of each quadrant. 
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I 
Table 4-3. Drum Loader Quadrant Addresses 

BAND QUADRANT ADDRESS 

I FAST 1 000 
2 001 

I 
3 .002 
4 003 

I· 
MEDIUM 1 1 010 

2 011 
3 012 

I 
4 013 

MEDIUM 2 1 020 

I 
2 021 
3 022 
4 023 

I MEDIUM 3 1 030 
2 031 

I 
3 032 
4 033 

:.1 SLOW 1 1 040 
2 041 
3 042 

I 4 043 

SLOW 2 1 050 

:1 2 051 
3 052· 
4 053 ;1 

SLOW 3 1 060 
2 061 

I 3 062 
4 063 

\1 SLOW 4 1 070 
2 071 
3 072 

:1 4 073 

:1· 

I 
4-61 
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Table 4-3. Drum Loader Quadrant Addresses (Cant) 

BAND QUADRANT ADDRESS 

INTEHPOLATOR 1 1 130 
2 131 
3 132 
4 133 

INT ERPOLATOR 2 1 140 
2 141 
3 142 
4 143 

INTERPOLATOR 3 1 150 
2 151 
3 152 
4 153 

INTERPOLATOR 4 1 160 
2 161 
3 162 
4 163 

DAT A PRESELECTOR 1 170 
2 171 
3 172 
4 173 
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4-144. PREPARATION OF DUPLICATE TAPE (CHANGE IN ONE OR MORE 
COMPUTER WORDS). 

4-145. To prepare a new tape with corrections or changes in certain address 
locations (tape to tape), proceed as follows: 

a. Set the four location digiswitch (located on tile tape reader panel) to the 
first address where a correction is to occur. 

b. Activ·ate the proper mode button for the type of tape to be changed (i.e., 
General Purpose, Interpolator, Data Preselector etc.). 

c. Place the Tape Preparation Unit in the tape reader mode by activating 
either the ·"Master Tape" or "Work Tape" buttons. 

d. Press the "select'! button, then the "start" button both located below the 
digi5witch. 

e. When the tape reader stops$ activate the keyboard select switch and 
enter the new computer word or words via the keyboard. 

f. Activate the "tape reader" button. 

ga Activate the "continue" button. 

ho Activate the "start" button. 

NOTE 

The master clear button must be activated when changing modes. 
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APPENDIX A 

MARK I COMPUTER MNEMONIC AND NUMERIC CODES 

dperation Mnemonic Code Numeric Code 

Add ADD 01 

Subtract SUB 02 

Multiply MLT 03 

Negative Multiply NMT 04 

Square SQ 05 

Divide DIV 06 

Square Root Step SRS 07 

Scale SCL 10 

Shift SFT 11 

No-dperation NPA 12 

Invert Sign INS 13 

Absolute Value ABS 14 

Zero SHee ZSL 15 

Flag Negative FLN 16. 

Load Accumulator LD 20 

Index Load Accumulator ILD 21 

Load Constant LDK 22 
, , 

Store Ae~~mulator ST 23 

Index Store Accumulator 1ST 24 

No-Operation NPB 25 

Conditional .Skip SKP 26 

Conditional Stop STP 27 

Boolean Sum OR 30 

Boolean Product AND 31 

Invert Boolean Accumulator BIN 32 

Load Boolean Accumulator BLD 33 

Store Boolean Accumulator SST 34 

Tape Stop Code TRS 3'7 

-
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1 
2 
4 
8 

16 
32 
64 

128 

256 
512 

1 024 
2 048 

4 098 
8 192 

18 384 
32 788 

85 538 
131 0'12 
262 144 
524 288 

1 048 576 
2 097 152 
4 194 304 
8' 388 608 

16 777 216 
'33 554 432 
87 108. 864 

134 217 728 

288 435 456 
538 870 912 

1 073 741824 
2 1.'1 483 648 

4 294' 98'7 298 
. 8 589 934 592 
2 17 179 869 184 

34· 359 738 388 

68 719 478 736 
137 438 953 472 
274 877 906 944 
549 '755 813 888 

MARK I 

T ABLES OF POWERS OF 2 

n 2-n 

0: 1.0 
1 0.'5 
2 0.25 
3 0.125 

4 0.062 5 
5 0.031 25 
6 .0.015 625 
7 . 0.007 812 5 

8 0.003 908 25 
9 0;001' 953 125 

10 0.000 9'76 582 5 
11 0.000 488 281 25 

12 0.000 244 140 625 
13 0.000 122 0'70 312 5 

. 14 0.000 081 035 158 25 
15 0.000 OSO 517 578 125 

16 0.000 015 258 789' 062 5 
1'7 0.000 00'7 829 394 531' 85' 
18 0.000 003 814 697 265 825 
19 0.000 001 907 348 632' 812 5 

20 0.000 000 953 874 318 406 25 
21 0.000 000 478 837 158 203 125 
22 . 0.000 000 238 418 579 101 582 5 
23 0.000 000 119 209 289 550 781 as 

24 0.000 000 059 604 644 '1'15 390 825 
25 0.000 000 029 802 322 38'1 895 III I 
26 0.000 000 014 901 181 193 84'1 858 II 
27 0.000 000 007 450 580 596 123 828 111 

28 0.000 000 003 725 290 298 481 914 oal I 
. 29 0.000 000 001 882 845 149 230 95'1 031 II 
30 0.000 000 000 931 323' 5'14 815 4'18 111 811 
31 .' 0.000 000 000 485 e81 28'1 80.7 739 11'1 811 I 

32 0.000 000 000 232 . 830 843 853 889 828 101 II 
33 0.000 000 000 118 415 321 828 934 814 413 las 
34 0.000 000 000 058 30'1 880 913 48'1 to'I ... III I 
35 O.ODo 000 000 029 lOS 830 458 '133 'loa· 813 181 IS 

36 . 0.000 000 000 014 551 911 138 868 811 808 NO III 
37 0.000 000 000 007 275 1157 814 188 411 80S sao a'lt 
38 0.000 000 000 003 83'1 9'78 80'1 081 'Ill III .ltOltl It 
39 0.000 000 000 001 818 889 403 I'll ... .." ISO 0'18 111 
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MARK I 

RADIO AIDS TYPE CODES 

Type Code 1 .. MM 

Type Code 2 .. OM 

Type Code 3 .. FId 
LFM 
BONE 
Z 

Type Code 4 - ILS 
ILSDME 

Type Code 5 - LVR 
MVR 
HVR 
LVTDME 
MVRDME 
HVRDME 
LVRLTC 
LVRMTC 
LVRHTC 
MVRLTC 
MVRMTC 
MVRHTC 
HVRLTC 
HVRMTC 
HVRHTC 
LTC 
MTC 
HTC 
UHF OF 

Type Code 6 - H 
HH 
MH 
BC 
LMM 
LOM 

Type Code 7 - MA 
MAZ 
ML 
MLZ 
MRA 
MRAZ 
MRL 
MRLZ 
RA 
RAZ 
RL 
RLZ 

A-3', 



MARK I 

ijADIO PRESELECTOR TYPE CODE WORDS 

Type Code 1 or 2 MM or OM 

Card 1 ..: Word 1 00000000000000000000 
Card2 - Word 2 ·000000000* 111111111 
Card 3 - Word 3 Latitude lower (10) Latitude 

upper (10) 
Card 4 - Word 4 Longitude lower (10) Longitude 

upper (10) 
Card 5 - Word 5 Sign (1) Latitude (19) 
Card 6 - Word 6 Sign (1) Longitude (19) 
Card 7 - Word 7· sine of axis (10) cosine of axis (10) 
Card 8 - Word 8 MISC (6) 00 0 0 elevation +1000 (10) 

Type Code 3 FM, Z, BONE, LFM 

Card 1 - Word 1 00 000000000000000000 
Card 2 - Word 2 • 0 0 0 0 0 0 0 0 0 • 1 1 1 1 1 1 1 1 1 
Card. 3 - Word 3 Latitude lower (10) Latitude 

upper (10) 
Card 4 - Word 4 Longitude lower (10) Longitude 

upper (10) 
Card 5 - Word 5 Sign (1) Latitude (19) 
Card 6 . - Word 6 Sign (1) Longitude (19) 
Card 7 - Word 7 sine of axis (10) cosine of axis (10) 
Card 8 - Word 8 type (4) 0 0 0 0 0 0 elevation 

+1000 (10) 
Card 9 . - Word 9 call letters (16) MISC (4) (16 one's 

for Z) . 
Card 10 - Word 10 call letters (16) MIse (2) 00 

(16 one's for Z) 
. Card 11 - Word 11 call letters (16) 0 0 0 0 (16 one's 

for Z) . 
Card 12 - Word 12 call letters (16) 0 0 0 0 (16 one's 

for Z) . 

Type Code 4 ILS, ILSDME 

Card 1 - Word 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Card 2 - Word 2 fr~uency . (10) fr~uency (10) 
Card 3 - Word 3 Latitude lower (10) Latitude 

upper (10) 
Card 4 - Word 4 Longitude lower (10) Longitude 

upper (10) . 
Card 5 - Word 5 Sign (1) Latitude (19) 
Card 6 - Word 6 Sign (1) Longitude (19) 
Card 7 - Word 7 Sine of axis (10) cOlline of axis (10) 
Card 8 - Word 8 1 DME MIse (6) Elevation +1000 (12) 

(10 for ILS, 11 for ILSDME) 
Card 9 - Word 9 Call letter (16) g.p.a. (4) (MSB) 
Card 10 .;. Word 10 Call letters (16) g.p.a. (4) (LSB) 
Card 11 .; Word 11 Call letters (16) RL - Rtg (4) (MSB) 
Card 12 - Word 12 Call letters (16) RL - Rtg (4) (LSB) 

Type Code 6 RBN, LOM,. LMM, BC 

Card 1 - Word 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Card 2 - Word 2 ~reque.ncy lower (10) fr~uency upper 

(10) 

• Octal Input 

1. 03 (0 to 1/2) 
2.' 27 (1/2 to.full) 
3. 07 (0 to full) 

Card 3 - Word 3 Latitude lower (10) Latitude 
upper (10) 

Card 4 - Word 4 Longitude lower (10) Longitude 
upper (10) 

Card 5. - WQrd 5 Sign (1) Latitude 19 
Card 6 - Word 6 Sign (1) Longitude 19 . 
Card 7 - Word 7 0 frequency 12 0 0 0 0 0 0 0 
Card 8 - Word 8 0 power (9) elevation +1000 

(10) 
Card 9 - Word 9 Call letters (16) MISe (4) 
Card 10 - Word 10 Call letters (16) MISe (2) 0 0 
Card 11 - Word 11 Call letters (16) 0 00 0 
Card 12 - Word 12 Call letters (16) 0 0 0 0 

Type Code 7 LFRR 

Card 1 - Word 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Card 2 - Word 2 frequency lower (10) fr~uency 

upper (10) 
Card 3 - Word 3 Latitude lower (10) Latitude 

upper (10) 
Card 4 - Word 4 Longitude lower (10) Longitude. 

upper (10) 
Card 5 - Word 5 Sign (1) Latitude (19) 
Card 6 - Word 6 Sign (1) Longitude (19) 
Card 7 - Word 7 0 frequency (12) 0 0 0 0 0 0 0 
Card 8 - Word 8 1 power 9 elevation +1000 (10) 
Card9 - Word 9 00000000000000000000 
Card 10 - Word 10 Call' letters (16) MISe (4) 
Card 11 - Word 11 Call letters (16) MISe (2) 0 0 
Card 12 ~ Word 12 Call letters (16) 0 0 0 0 
Card 13 - Word 13 diameter circle 1 (10) diamefer 

. Circle 2 (10) 
Card 14 - Word 14 diameter circle 3 (10) diameter 

circle 4 (10) 
Card 15 - Word 15 sine axis (10) cosine axis (10) 
Card 16 - Word 16 Sine mag. var. (10) O.cosine mag. 

var. (9) . 

Type Code 5 VOR, TACAN, UHF/OF 

Card 1 - Word 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Card 2 - Word 2 frequency (10) frequency (10) 
Card 3 - Word 3 Latitude lower (10) Latitude 

upper (10) 
Card 4 - Word 4 Longitude lower (10) Longitude 

upper (10) 
Card 5 - Word 5 Sign (1) Latitude (19) 
Card 6 - Word 6 Sign (1) Longitude (19) 
Card 7 -Word 7 sine mag. var. (1) 0 cosine mag. 

var. (9) . 
Card 8 - Word.8 0 type (6) 0 0 0 elevation +1000 

(10) 
Card 9 - Word 9 Call letters (16) MISe (4) 
Card 10 - Word 10 Call letters (18).MISe (2) 0 0 
Card 11 - Word 11 Call letters (16) 0 0 0 0 
Card 12 - Word 12 Call letters (16) 0 0 0 0 

Binary Output 

00000000000111111111 
. 1000000000 1111 11 1111 

00000000001111111111 
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oDooloooo Ie to 
"'77 0511 

• (Oc'.I) CD.ci .... l) 

. Octal Decimal 
'10000. A096 .' 
20000· 8192 
30000.12281 
.coooo.1638A 
50000·2040 
60000· 2A576 
70000 • 28672 

1000'1 0512 ,. Ie 
1m Ion 

lOde!) lDecI ... I) 

MARK I 

OCT AL-DECIMAL INTEG~R CONVERSION TABLE 

o 2 3 4 5 6 7 

.0000 0000 0001 0002 000,1 0004 0005 0006 0007 
0010 0008 0009 0010 0011 0012 0013 0014 OOIS 
0020 0011 OOIT 0018 0019 .0020 0021 0022 OOu 
0030 0024 Don 0026 0027 0028 00211 0930 0031 
0040 0032 0033 0034 0035 0036 003"1. 0038 0039 
0050 0040 0041 0042 0043 0044 ~Od 0046 0047 
0010 0048 0049 0050 0051 0052 0053' 00S4 0,055 
0070 0056 0057 0058 0059 0060 0061 0062 0063 

0100 0064 0065 0066 0067 0068 0069 0070 0071 
0110 0072 0073 0074 0075 0076 Don 0078 0079 
0120 0080 0081 0082 0083 0084 008S 0086 008'7 
0130 0088 0089 0090 0091 0092 0093 q094 00115 
0140 0096 0097 0098 0099 0100 ()t01 \1102 0103 
OUO 0104 0105 0106 0107 0108 0109 0110 0111 
0160 0112 0113 0114 0115 0116 0117 0118 0119 
ono 0120 0121 0122 0123 OU4 0125 Q126 0127 

0200 0128 0129 0130 0131 0132 0133 0\34 OI3S 
0210 0136 0137 0138 0139 0140 0141 0142 0143 
0220 0144 01450146 OU7 0148 0149 01:10 0151 
0230 Pl52 0153 0154 0155 0156 0157 OU8 OI~9 
0240 01600161 0162 0163 0164 0165 0166 0167 
0250 0\68 0169 0170 0\7\ 0172 0173 017~ 0175 
0260 0176 0177 0178 0179 0180 0181 0182 0183 
0270 0184 0185 0186 0187 0188 0189 0190 0191 

0300 0192 0193 0194 0195 0196' 0197 0198 0199 
0310 0200 0201 0202 0203 0204 0205 0206 0207 
0320 0208 0209 0210 0211 0212 0213 0214 021S 
0330 0216 0217 0218 0219 0220 0221 0222 0223 ' 
0340 02240225 0226 0227 0228 0229 0230 0231 
0350 0232 0233 0234 0235 0236 0237 0238 0239 
0360 0240 0241 0242 0243 0244 0245 0246 OZ47 
03'10 0248 0249 0250 0251 02S2 0253 0254 0255 

o 2 3 4 6 'I 

1000 0512 0513 0514 OSI5 0516 OSI7 OSIII 0519 
1010 OS20 om OU2 OS23 0524 OSU 0528 OS27 
1020 0528 0529 0530 0531 0532 0533 0534 OS3S 
1030 0536 0'S37 OUB 0539' 0540 0541 (1542 0543 
1040 OS44 0r>4S OS.'8 OS47 OS48 054, OSSO 0551 
10S0 05S2 OSS:S 0554 OS5S 0558 0557 OSS8 OSS9 
10800560 om 0562 0563 0584 OSU 05&6 0567 
10'10 0568 0569 0570 OS'll 0572 0513 OS'74 osn 

1100 OS7& os.,., OS78 0579 0580 0581 OS82 OS83 
1110 on4 OS85 OS86 0~8'7 OS88 0189 OS90 OS91 
.at 20 OS92 OS93 0594 OS9S 0598 OS" 0598 OS99 
1130 0800 0801 0602 0603 0604 0605 0808 0607 
1140 0608 0809 0610 0611 0812 0813 0114 081S 
1150 0818 061" 0818 0619 0820 0621 0822 0623 
UtO 0&24 0825 0828 082'1 0&28 0629 0830 0631 
Ino 0632 0&33 0634 0835 0836 083., 0838 0839 

1200 0840 0641 0842 0843 0844 0845 0848 084'1 
1210 0848 0849 0850 OUI 08S2 01S3 0854 OOSS 
1220 0858 08S' 0858 0859 0880 0881 06&2 0883 
1230 0884 0885 0666 06n 0668 0869 0870 onl 
1240 0112 0873 06'14 ons 08'76 06'17 06'18 0879 
1250 0880 0881 0882 0883 0884 081S 0888 088'1 
1210 0888,0189 0890 0891 0892 0893,0894 0895 
IUO 0898 089'1 0898 0891 0'100 0'701 0'l02 0'103 

1300 0704 0705 0'708 0'107 0'108 0'109 0'110 0'111 
1310 0'112 0711 0'114 0715 0718 0'117 0'118 ,0719 
1320 0120 0121 0122 0723 0'124 0'125 0728 on'7 
1330 0128 0'129 0'130 0'131 0'132 0'133 0'134 0735 
1340 0'138 0'13'1 0731 07.39 0'140 0'141 0742 0743 
1350 0744 074S ,'148 0'74'1 0748 0749 0'150 0'151 
1380 0752 0753 0754 0'155 0758 0757 onl 0759 
13~0 0780 0781 07&2 0'163 0784 0'185 0788 07&7 

o 2 8 7 

0400 0258 02S7 ozsa 0259 0260 0261 0282 0283 
0410 0284 0211$ 02&8 026'1 0268 0289 02'70 02'11 
0420 02'12 0273 0274 0275 02'78 0277 0278 02'111 
0430 0280 0281 0282 0283 0284 028S 0288 0287 
0440 0288 0289 0290 0291 0292 0293 0294 02U 
04S0 0298 0297 0298 0299 0300 0301 0302 0303 
0460 0304 0305 0308 0307 0308 0309 0310 0311 
0470 ~312 0313 0314 0315 0316 0317 0318 0319 

0500 0320 0321 0322 0323 0324 0325 0328 0327 
OS 1 0 0328 0329 0330 0331 0332 0333 0334 0335 
OS20 q336 0337 033, .03311 0340 0341 0342 0343 
ono 0344 0345 0346 034'1 0348 0349 0350 0351 
0540 0352 0353 0354 0355 0356 0357 03S8 0359 
05S0 0360 0361 0362 0363 0364 036S 0366 0367 
OS60 0368 0369 0370 03'11 03n .0373 0374 0375 
OS70 0376 0377 0378 0379 0380 0381 0382 0383 

0600 0384 038!) 0386 0387 0388 0389 0390 0391 
0610 0392 0393 0394 0395 0396 0397 0398 0399 
0620 0400 0401 0402 0403 04001 0405 0406 0407 
0630 0408 0409 0410 0411 0412 0413 0414 0415 
0640 0416 041'7 0418 0419 0420 0421 0422 0423 
0850 0424 0425 0428 042'1 0428 0429 0430 0431 
0660 0432 0433 0434 0435 0~36 0437 0438 0439 
06'10 0440 0441 0442 0443 0444 0445 0448 044'1 

0700 0448 0449 0450 0451 OU2 04S3 '0454 0455 
0'110 0456 OU7 04$8 04S9 0460 0481 0'462 0483 
0720 0464 048S 0468 0467 0468 0469 0470 047' 
0'730 0472 0473 0474 04'7S 04'18 04'17 04'1' 0479 
0'140 0480 0481 0482 0483 0484 0485 0488 0487 
07S0 0488 0489 0490 0491 0492 0493 0494 0495 
0780 0498 0497 0498 04911 0500 OSOI 0502 0503 
07'10 OSO. OSOS OS08 0507 0508 0509 0510 OSII 

o 2 3 4 5 6 ., 
1400 0768 0789 07'10 0'1'11 0'172 07'13 0'174 O'l7S 
1410 07'16 0777 0778 07'79 0780 0781 0782 0'183 
1420 0784 0'18$ 0786 0'187 0'188 0'189 0'190 0'191 
1430 0'192 0'193 07114 0795 0798 0.,97 0'198 0'/99 
1440 0800 0801 0802 0803 0804 0805 0808 0807 
14S0 0808 0809 0810 0811 0812 0813 0814 0815 
1460 0816 0817 0818 0819 0820 0821 0822 0823 
14'70 0824 0825 0826 0827 0828 0829 0830 0831 

I SOD 0832 0833 0834 OB3S 0836 083'7' 0838 0839 
1510 0840 0841 0842 0843 0844 0845 0848 084'1 
!S20 0848 0849 oaso 08S1 01S2 0853 0854 oass 
1S30 0858 08S'I 0lS8 08S9 0860 0161 0862, 0883 
1540 0864 086S 0868 0867 0888 088. 0870 08'11 
mo 08'12 0873 0874 ons 08'18 0877 0878 08,/1 
IS60 0880 0881 0882 0883 0884 OilS 0888 0887 
mo 0888 0889 0890 0891 0892 0893 0894 0895 

1800 0898 089'1 0898 0899 MOO 0901 0102 M03 
1810 0904 090S 0908 09Q'I 0908 0901 0910 MP 
1820 0912 0913 0914 0915 0918 0917 0918 0919 
1830 0920 0921 0922 0923 M24. 092$ 0928 0927 
1840 0928 092$ 0930 0931 0932 0833 M34 0835 
1850 0938 0137 0938 0939 0840 094' M42 0943 
1880 0944 0945 0946 084'1 0948 0849 0950 0951 
1810 0952 0953 0954 0955 0858 0957 0958 0859 

1 '100 M80 0981 0962 0983 09&4 O9IS 0988 088'1 
171 0 0988 0989 0970 0971 0972 0973 0974 097$ 
1720 09'11 09'17 0978 09'19 0980 0911 0982 0983 
1730 0984 0885 0888 098'1 0988 0889 0910 0991 
1740 0992 0993 0994 0995 0981 0911'/ 0811 mil 
Iml*1~1~1~1~~51*1~ 
1780 1008 1009 1010 1011 1012 1013 1014 1015 
'770 1018 1017 1018 lOll 1020 1021 1022 1023 
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OCT AL-DECIMAL INTEGER CONVERSION TABLE (Cont) I 

0 I 2 3 4 5 6 7 

2000 1024 1025 1026 1027 1028 1029 1030 1031 
2010 1032 1033 1034 1035 1038 1037 1038 1039 
2020 1040 1041 1042 1043 1044 1045 1046 1047 
2030 1048 1049 1050 1051 1052 .1053 IOS4 1055 
2040 1056 1057 1058 1059 1080 1081 1082 1063 
2050 1064 1065 1066 1067 1068 1089 1070 1071 

0 I 2 3 4, 5 6 7 

2400 1280 1281 1282 1283 1284 1285 12.86 1287 
2410 1288 1289 1290 1291 1292 1293 1294 1295 
2420 1296 1297 1..298 1299 1300 1301 1302 1303 
2430. 1304 1305 1306 1307 1308 1309 1310 1311 
2440 ' 1312 1313 13\4 1315 ,1316 1317 1318 1319 
2450 1320 1321 1322 1323 1324 1325 1326 1327 

I 
2000 t02. 
•• t • 

2777 IUS I (Oc,.11 (o.ci"'.'1 

2080 IOU 1073 1074 1075 1076 1077 1078 1079 
2070 1080 1081 1082 1083 1084 1085 1086 1087 

2100 1088 1089 1090 1091 1092 1093 1094 109S 
2110 1.098 1097 1098 1099 1100 1101 1102 1103 

2460 1328 1329 1330 1331 1332 1333 1334 1335 
2470 1336 1337 1338 1339 1340 1341 1342 1343 

2$00 1344 1345 1346 1347 1348 1349 1350 1351 
2S10 1352 1353 1354 1355 1356 135'1 1358 1359 

Odal Decimal, 

'I' 10000· 4096 
20000· .192 
30000·122 •• 

2120 1,104 1105 1106 1107 1108 1109 1110 1111 
2130 1112 1113 1114 lWi 1118 ' 1117 1118 1119 
2140, 1120 1121 1122 1123 1124 1125 1128' 1.127 
2150 1128 1129 1130 1131 1132 1133 1134 1 US 
2180 1136 1137 1138 1139 1140 1141 1142 1143 

2520 1360 1361 1362 1363 1364 1365 1366 1357 
2530 1368 1389 1370 1371 1372 1373 1374 1375 
2540 1376 1377 1378 1379 1380 .1381 1382 1383 
2550 1384 1385 1386 1387 1388 1389 1390 1391 
2560 1392 1393 1394 139S 1396 1397 1398 1399 

40000 .16384 
50000 • 20480 

I 60000 • 24576 
70000 ~ 21672 

21'10 1144 1145 1146 114'1 1148 1149 115'0 USI 2570 1400 1401 1402 1403 1404 1405 1406 1407 

2200 Wi2 li53 1154 1155 1156 1157 1158 1159 
2210 1,160 1161 1162 1163 1,164 U85 1168 1167 

2800 1408 1409 1410 1411 1412 1413 1414 1415 
2610 1416 1417 1418 1419 1420 1421 1422 1423 I 

2220 1168 1169 1170 1171 1172 1173 1174 1I7S 2620 1424 1425 1426 1427 1428 1429 1430 1431 
2231) 1176 1177 1178 1179 1180 1181 1182 1183 
2240 1184 1185 1186 1187 1'188 1189 1190 1191 
2250 1192 1193 1194 1195 ,1198 1197 1198 1199 
2260 1200 1201 1202 1203 1204 1205 1206 1207 

2630 1432 1433 1434 143S 1436 1437 1438 143' 
2640 1440 1441 1442 1443 1444 1445 1446 1447 
2650 1448 1449 1450 1451 1452 1453 1454 1455 
2660 1456 1457 1458 1459 1460 1461 1462 1463 I 

2?70 1208 1209 1210 1211 1212 1213 1214 1215 2670 1464 1465 1466 1467 1488 1469 1470 147' 

2300. 1216 1217 1218 1219 1220 1221 1222 1223 
2310 1224 1225 1226 1227 1228 1229 1230 1231 
2320 1232 1233 1234 1235 1238 1237 1238 1239 

2700 1472 14i3 1474 1475 1476 1477 1478 1471 
2710 1480 1481 1482 1483 1484 1485 1486 1487 
2720 1488 1489 1490 1491 1492 1493 1494 1495 I 

2330 1240 1241 1242 1243 1244 1245 1246 1247 
2340 1248 1249 1250 1251 1252 1253 1254 1255 
2350 1256 1257 1258 1259 1260 1261 1262 1263 
2360 1264 1265 1266 1267 1268 1269 1270 1271 
2370 1272 1273 1274 1275 1276 1277 1278 1279 

2730 1496 1497 1498 1499 1500 1501 1502 1503 
2740 1504 1505 1506 1507 1508 1509 1510 1511 
2750 1512 1513 1514 1515 1516 1517 1518 1519 
2760 1520 1521 1522 1523 1524 1525 1526 1527 
2770 1528 1529 1530 1531 1532 1533 1534 1535 I 

0 I 2 3 4 5 6 7 

3000 1536 1537 1538 1539 15.0 1541 1542 1543 
3010 1544 1545 1546 1547 1548 1549 1550 1551 
3020 1552 1553 1554. 1555 1556 1557 1558 1559 
3030 1560 1561 1562 1563 1564 1565· 1566 1567 
3040 1568 1569 1570 1571 1572 1573 1574 1575 
3050 1576 1577 1578 1579 1580 1581 1582 1583 
3060 1584 1585 1586 1587 1588 1589 1590 1591 
3070 1592 1593 1594 1595 1596 1597 1598 1599 

3100 1600 1~01 1602 1603 1604 1605. 1606 1607 
3110 1608 1'609 1610 1611 16i2 1613, 1614 1615 
3120 1616 1617 1618 1619 1620 1621 1622 1623 
3130 1624 1625 1626 1627 1628 1629 1630 1631 
3140 1632 1633 1634 1635 1636 1637 1638 1639 
3150 1640 1641 1642 1643 1644 1645 1646 1647 
3160 1648 1649 1650 1651 1652 1653 1654 1655 
3170 1656 1657 1651 1659 1660 1661 1662 1653 

0 I 2 3 4 5 6 7 

3400 1792 1793 1794 1795 1796 1797 1798 1799 
3410 1800 1801 1802 1803 1804 1805 1806 1807 
3420 1808 1809 1810 1811 1812 1813 1814 1815 
3430 1816 1817 1818 1819 1820 1821 1822 1823 
3440 1824 1825 1826 1827 1828 1829 1830 1831 
3450 1832 1833 1834 1835 1836 1837 1838 1839 
3460 1840 1841 1842 1843 1844 1845 1846 1847 
3470 1848 1849 1850 1851 1852 1853 1854 1855 

3500 1856 1857 1858 1859 1860 1861 1862 1~3 
3510 1864 1865 1866 1867 1868 1869 1870 1871 
3520 1872 1873' 1874 1875 1876 1877 1878 1879 
3530 1880 1881 1882 1883 1884 1885 1886 188'1 
3540 1888 1889 1890 1891 1892 1893 1894 1895 
3550 1896 1897 1898 1899 1900 1901 1902 1903 
3560 1904 1905 1906 1907 1908 1909 1910 1911 
3570 1912 1913 ,1914 1915 1916 1917 1918 1919 

I 
3000 I IU' to to 
3777 2047 

I COcloll . (o.d",.11 

I 
I 

3200 1664 1665 1666 1667 .1668 1669 1670 1671 
3210 1872 1673 . 1674 1675 1676 1677 1678 1679 
3220 1680 1681 1682 1683 1684 1685 1686 1687 
3230 1688 1689 1690 1691 1692 1693 1694 1695 
3240 1696 1697 1698 1699 1700 1701 1702 1703 
3250 1'104 1705 1706 1707 1708 1709 1710 1711 
3260 l?IZ 1713 1714 1715 1'118 1717 1718 1719 
32'10 1720 1721 1722 1723 1724 1725 1726 1727 

3600 1920 1921 1922 1923 1924 1925 1926 1927 
3610 1928 1929 1930 1931 1932 1933 1934 1935 
3620 1936 1937 1938 1939 1940 1941 1942 1943 
3630 1944 1945 1946 \947 1948 1949 1950 1951 
3640 1952 1953 1954 1955 1956 1957 1958 U59 
3650 1960 1961· 1962 1963 1964 1965 1966 1967 
3660 1968 1969 1970 1971 1972 1973 1974 1975 
3670 1976 1977 1978 1979 1980 1981 1982 1983 

'I 
I 

3300 1128 1'129 1'130 1731 1732 1'133 1734 1735 
3310 1736 1737 1738 1739 1740 1741 1742 1743 
3320 1744 1745 1746 1747 1748 1749 nso 17.51 
3330 1752 1753 1754 1755 1756 l'l57 1758 1759 
3340 1760 .761 1762 1763 1764 1765 1766 1767 
3350 1768 1769 1770 17.71 1772 17'73 1774 1775 

. 3310 17T1 ..,77 1'178 1'179 1780 1781 1782 1'783 
3310 1784 1785 1'1861 '187 1788 1'189 1790 1791 

3'100 t984 1985 1986 1987 1988 1989 1990 1991 
3710 1992 1993 1994 1995 1996 1997 1998 1999 
3720 2000 2001 2002 2003 2004 2005 2006 2007 
3730 2008 2009 2010 2011 2012 2013 2014 2015 
3740 2016 2017 2018 2019 2020 20212022 20U 
3'1S0 2024 2025 2026 2021 2028 2029 2030 2031 
3160 2032 2033 2034 203:1 2036 2031 2038 203' 
37'10 2040 2041 2042 2043 2044 2045 2046 2041 

I 
'I' 

A-6 I' 



I 
I 
I 
I 
I 

,I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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4000 I 2048 
10 to 

.777 25)' 
lOctol) (Decimal) 

OClal Decimal 
, 10000 ... 096 
20000· 8192 
30000· 12288 
40000. 16384 
50000 • 20480 
60000.24576 
70000· 28672 

*10 2.S60 
10 10 

S777 3071 
, (Oclol) (D.cilllol) 

MARK! 

OCT AL-DECIMAL INTEGER CONVERSION TABLE (Cont) 

_"-
0 1 2 3 ... 5 6 7 0 1 2 3 4 5 6 7 

4000 2048 2049 2050 20!l1 2052 20~3 2054 2055 4400 2301 !!:!OS 2306 2307 2308 2309 2310 Ull 
4010 2056 2057 20!'>8 2059 2060 2061 2062 2063 441,0 2312 2313 2314 2315 2316 2317 2318 2319 
4020 2064 2065 2066 2067 2068 2069 2070 2011 ,4420 2320 2321 2322 2323 2324 2325 2326 2327 
4030 20'12 2073 2074 2075 2076 2077 2078 2079 4430 2328 2329 2330 2331 2332 2333 2334 2335 
4040 2080 2081 2082 2083 2084 2085 2086 2087 4440 2336 2337 2~38 2339 2340 2341 2342 2343 
4050 2088 2089 2090 2091 2092 2093 2094 209~ 4450 2344 2345 2346 2347 2348 2349 23~0 23S1 
4060 2Q96 2097 2098 2099 2100 2101 2102 2103 4460 2352 23~3 2354 2355 2356 2357 2358 23S9 
4010 2104 2105 2106 2107 2108 2109 2110 2111 4470 2360 U61 23\\2 2363 2364 2365 23'66 2367 

4100 2112 2113 2114 2115 2116 2117 2118 2119 4~00 2368 2369 2370 2371 2372 2373 2374 23U 
4110 2120 2121 2122 2123 2124 2125 2126 2127 4510 2376 2377 2378 2379 2380 2381 2382 2383 
4120 2128 2129 2130 2131 2132 2133 2134 2135 4520 2384 2385 2386 2387 2388 2389 2390 2391 
4130 2136 2137 2138 21 39 21 ~ 0 2141 2142 2143 4530 2392 2393 2394 2395 2396 2397 2398 2399 
4140 2144 2145 2146 214" 2149 2149 2150 2151 4540 2400 2401 2402 2403 2404 2405 2406 2407 
4150 2152 21S3 2154 215~ 21M; l!1!i7 21S8 21~9 4550 2408 2409 2410 24Jl 2412 2413 2414 241S 
4160 2160 2161 2162 2163 2164 2165 216S 2167 4560 2416 2417 2418 2419 2420 2421 2422 2423 
4170 2168 2169 2170 2171 2172 2173 2174 2175 4570 2424 2425 2426 2427 2428 2429 2430 2431 

4200 2176 2117 2178 2179 2180 2181 2182 2183 4600 2432 2433 2434 2435 2436 243'1 2438 2439 
4610 2440 2441 2442 2443 i444 2445 2446 2447 
4620 2448 2449 2450 2451 2452 2453 2454 245$ 

4210 2184 2185 2186 2187 2188 2189 2190 2191 
4220 2192 2193 2194 219!) 2196 2197 2198 2199 
4230 2200 2201 2202 2203 2204 22Cfl 2206 22017 4630 2456 245'1 2458 24S9 2460 2461 2462 2463 
4240 2208 2209 2210 2211 22\2 2213 2214 221S "MO 2464 2465 2466 2467 2468 2469 2470 24'11 
42~0 2216 2217 2218 2219 2220 2221 2222 2223 41150 2472 2473 2"14 24'15 2416 24'1'1 2478 24'19 

4660 2480 2481 2482 2483 2184 2485 2486 2487 
4670 2488 2489 2490 2491 2492 2493 2494 2495 

4260 2224 222S 2226 2227 2228 2229 2230 2231 
4270 2232 2233 2234 2235 2236 2237 2238 2239 

4700 2.496 249'1 2498 2499 2500 2S01 2502 2503 
4710 2504 2~O!i 2S06 2507 n08 2509 2~IO 2511 

4300 22401 2241 2242 224 S 2244 224& 2246 224'1 
4310 2248 2249 22!10 2251 22&2 22S3 22!>4 22!1S 

4720 2!J12 2513 2514 2SI~ 2M6 2517 nl8 Ult 
4'130 2!120 2SI1 2$22 2!i23 2S24 un 1$28 252'1 

4320 22S6 2231 22"8 2269 22601 22tH 2262 2263 
nso 22,64 226!; 226G 2267 2268 2269 22701 2271 

4740 2528 2529 2UO 2531 2532 2533 2U4 2535 
47!)0 2!i36 2~3'1 2538 2539 2540 2541 2542 2543 

4340 2272 2273 2274 227& 22'16 2277 2278 2279 
43f10 2280 2281 2282 2283 2294 228~ 2286 2287 
43601 2288 2289 2290 2291 2292 2293 2294 2295 4760 2&44 2545 2546 254'1 2S48 2~49 2~SO 2551 
43'10 2296 2291 2298 2299 2300 2301 2302 2303 4770 25!i2 2553 2S54 2555 2SSfl 25&7 2558 2559 

0 I 2 3 4 S 6 ., 
0 I 2 3 4 5 • 'I 

SOOO 2560 2S61 2562 2563 2564 2565 2566 2567 ~400 2816 281'7 2818 2819 2820 2821 2822 2821 
5010 2568 2569 2&70 25'11 2572 2S'13 25'14 2S'I5 S410 2824 2825 2826 un 2828 2829 2830 283. 
~020 2:176 2~m 2~78 2579 2580 2581 25'112 2583 5420 2832 2833 2834 283S 2836 2837 2838 283. 
5030 2584 2~85 2586 2581 2f188 2589 2~90 2S91 5430 2840 2841 2842 2843 2844 2845 2846 2841 
5040 2!i92 2593 2594 2595 2596 2591 2598 2599 5440 2848 2849 2850 2851 21S2 2853 28S4 21$1 
50S0 2600 2601 2602 2603 2604 2605 2606 2607 5450 2856 28S7 2858 2859 2860 2861 2862 286S 
5060 2608 2609 2610 2611 2612 2613 2614 261& 5460 2864 2865 2866 2867 2868 2869 28'10 287' 
50'10 2616 2&17 2618 2619 26Z0 2621 2622 2623 5470 2872 2873 2874 287& 2876 2877 2878 2818 

5100 2624 2625 2626 262'1 2628 2629 2630 2631 5500 2880 2881, 2882 2883 2884 288S 2886 2887 
5110 2632 2633 2634, 263!J 2636 2637 2638 2639 5510 2888 2889 2890 2891 2892 2893 2894 28n 
S120 2640 2641 2642 2643 2644 2645 2646 2647 5520 2896 2897 2898 2899 2900 2901 2902 2903 
5130 2648 2649 2650 2651 26S2 2653 2654 2655 5530 2904 21105 2906 2907 2908 2909 2910 2911 
S140 2656 2657 2658 2659 2660 2661 2662 2663 5540 2912 2913 2914 2915 2916 2917 2918 2919 
5150 2664 2665 2666 2667 2G68 2669 2670 26'11 !lS50 2920 2921 2922 2923 2924 2925 2926 2921 
5160 2672 2673 2674 2675 2676 2677 2678 2679 5560 2928 2929 2930 2931 2932 2933 2934 2935 
5170 2680 2681 2682 2683 2684 2685 2686 2687 5570 2936 2937 2938 2939 2940 2941 2942 2943 

5200 2688 2689 2690 2691 2692 2693 2694 2695 5600 2944 2945 2946 2947 2948 2949 2950 2951 
5210 2696 .2697 2698 2699 2700 2'101 2702 2703 5610 2952 2953 2954 29S5· 2956 2957 2958 2959 
5220 2104 2705 2706 2701 2708 2709 2710 2111 5620 2960 2961 2962 2963 2964 2965 2966 2961 
5230 2712 2113 2714 2715 2716 2717 2718 2719 5630 2968 2969 29'10 2971 2912 2973 2974 2975 
5240 2120 2721 2722 2723 2124 272~ 2726 2727 5640 2976 2977 2978 2.979 2980 2981 2982 2983 
5250 2728 2729 2'130 273\ 2732 2733 2734 2735 ·5650 2984 2985 2986 2987 2988 2989 2990 2991 
5260 2736 2737 2738 2739 2740 2741 2742 2743 5660 2992 2993 2994 2995 2996 2997 2998 2999 
5210 2744 2745 2746 2741 2748 2749 2750 2751 5670 3000 3001 3002 3003 3004 3005 3006 3007 

5300 27522'53 2754 27S5 2756 2'157 2758 2759 5700 3008 3009 3010 3011 3012 3013 30i4 3015 
5310 2760 2761 2762 2763 2764 2765 2766 2'16'1 5710 3016 3017 3018 3019 3020 3021 3022 3023 
5320 2768 2'169 2770 27'11 2772 2773 2774 2775 5'120 3024 3025, 3026 302'1 3028 3029 3030 3\)31 
5330 2776 2777 2'178 2779 2780 2781 2782 2783 5730 3032 3033 3034 3035 3036 3037 3038 3039 
5340 2784 2785 2786 2'181 2788 2'189 2790 2791 5740 3040 3041 3042 3043 3044 3045 3046 3047 
5350 27.92 2'193 2794 2195 2796 2797 2798 2799 5750 3048 3049 3050 3051 3052 3053 3054 3055 
5360 2800 2801 2802 2803 2804 2805 28(16 .2807 5760 3056 3057 3058 3059 3060 3061 3062 3063 
5370 2808 2809 2810 2811 2812 2813 2814 2815 5770 3064 3065 3066 3067 3068 3069 3070 3071 

A-7 



,----~--~==~==~==========~--

MARK I 

OCTAL-DECIMAL INTEGER CONVERSION TABLE (Cont) 

0 I 2 3 4 5 6 7 

1000 30'72 3073 3074 3075 3076 3077 3078 30711 
.010 wo 3081 3082 3083 3084 3085 3086 3087 
to20 3011 301. 3otO 30tl 3ot2 3ot3 3ot4 30tS 
1030 3096 3097 3ot8 309. llOO 3101 3102 3103 
f040 '3104 3105 3101 3107 3108 3iot 3110 3111 
eoso 3112 3113 31H 3115 31t6 3117 3118 3119 
eoeo 3120 3121 3122 3123 3124 3125 3126 3127 
1070 3128 312. 3130 3131 3132 3133 3134 313$ 

1100 3136 3137 lll8 3139 3140 3141 3142 3143 
6110 3144 3145 3146 3147 3148 3149 31~O 3151 
1120 3152 31Sl 3154 3155 3156 3157 JI~8 3159 
1130 3160 3161 3162 3163 3164 3165 31.66 3167 
1140 3168 3169 3170 ;'171 3172 3173 3114 3175 
'ISO 3176 3171 3178 3179 3180 3181 3162 3183 
1110 3184 3185 3186 3187 3188 3189 3190 3191 
1170 3192 3193 3i94 3195 3196 3197 3198 3199 

~~oo 3200 3201 3202 3203 3204 3205 3206 3207 
ZIO 3208 3209 3210 3211 3212 3213 3214 a215 

1220 3216 3f17 3218 3219 3220 3221 3222 3223 
6230 3224 3225 3226 3227 3228 3229 3230 3231 
1240 3232 3233 3234 3235 3236 3237 3238 3239, 
1250 32(0 3241 3242 3243 3244 3245 3246 3247 
1210 3248 3249 3250 32~1 3252 32~3 3254 32!>5 
6270 3256 32~7 3258 3259 3260 3261 3262 3263 

6~ 3264 3265 3266 3267 3268 3269 3270 3271 
1310 3272 3273 3274 3275 3276 3271 3278 3279 
1320 3280 3281 3282 3283 3284 3285 3286 3287 
6330 3288 3289 3290 3291 3292 3293 3294 3295 
1340 3296 3291 3298 3299 3300 3301 3302 3303 
6350 3304 3305 3306 3307 3308 3309 3310 3311 
6360 3312 3313 3314 3315 3316 3)17 3318 3319 
6370 3320 3321 3322 3323 3324 3325 3326 3327 

0 I 2 3 4 5 6 7 

1000 3584 3585 3586 3587 3588 3589 3590 3591 
1010 3592 3593 3594 3595 3596 3591 3598 3599 
1020 3600 3601 3602 3603 3604 3605 3606 3607 
'1030 3108 3109 3110 '3611 3612 3613 .3614 3615 
1040 3616 3617 3618 3619 3620 3621 3622 3623 
1OS0 3624 3625 3626 3621 3628 3629 3630 3631 
1otO 3632 3633 3634 3635 3636 3637 3638 3639 
1070 3640 3641 3642 3643 3644 3645 3646 3647 

1100 3648 3649,3650 3651 3652 3653 3654 3655 
1HO 3656 3651' 3658 3659 3660 3661 3662 3663 
'120 3164 3665 3666 3647 3668 3669 3670 3671 
1130 3612 3613 3614 3675 3676 3677 3678 3679 
.,140 3 .. 0 3 .. 1 3682 3683 3684 3685 3686 3687 
11$0 3688 3689 3690 3691 3692 36.3 3694 3695 
'110 3696 3691 3698 3699 3700 3701 3702 3703 
1110 3.,04 3705 3.,06 3"07 3708 3709 3710 3711 

7200 3112 3713 3114 3715 3716 3717 3'718 3719 
1210 3120 3121 3722 3723 3124 3725 3126 3127 
1220 3128 3'l29 3730 3131 3'732 3'733 3734 3735 
1230 3'736 373'7 3738 3739 3'740 3741 3742 3743 
1240 3744 3745 3'746 3747 3748 3749 3750 3751 
1250 31S2 3753 3754 3755 3756 3757 3758 3159 
1260 3760 3741 3762 3'763 3'764 3785 3768 3'761 
1210 3768 3769 3710 3771 3712 3773 3774 377S 

1_ 3711 3717 3178 3779 3780 3781 3782 3783 
1310 3'f14 3785 3716 3781 3788 3789 3'190 379 I 
1320 3'192 3~ 93 3794 37.9$ 3'796 3797 3798 3799 
1330 3100 3101 3102 3803 3804 3805 3806 3807 
1340 3101 310t 3810 3811 3112 3813 3814 3815 
1350 3111 3117 3118 38 •• 3820 3121 38ZZ 3823 
'360 3114 3625 3126 3827 3828 3829 3130 3131 
1310 3832 3833 3834 3835 3838 3837 383. 3839 

A-8 

0 I 2 3 4 5 I 7 

6400 3328 3328 3330 3331 3332 3333 3334· 3335 
6410 3336 3337 3336 333. 3340 3341 3342 3343 
0420 3344 3345 3348 3347 3348 334. 3350 3351 
6430 33502 3353 3354 3355 3356 335., 3358 335. 
6440 3360 3361 . 3362 33113 3384 3365 3361 3.' 
6450 3368 33.9 3370 3371 3372 3313 3374 3315 
6460 3376 3377 3378 337t 3380 3311 3312 3313 
1470 3384 3385 3381 3387 3388 338. 3390 33.' 

6500 3392 3393 3394 3395 3396 ·3397 3391 3. 
6510 3400 3401 3402 3403 3404 3405 3406 3401 
6520 3408 3409 3410 3411 3412 3413 3414 34.5 
6530 3416 3417 3418 3419 3420 34213422 3423 
8540 3424 3425 3426 3427 3428 3429 3430 3431. 
6550 3432 3433 3434 343.5 34::6 3437 3431 3431 
6580 3440 3441 3442 3443 3444 3445 3446 344" 
6570 3448 3449 3450 3451 3452 3453 3454 34~5 

6600 3456 3457 3458 3459 3460 3461 3412 3413 
6610 3464 3465 3468 3487 3461 3469 3470 3411 
6620 3472 3473 3474 347~ 3471 3477 3478 347. 
6630 3480 3481 3482 3483 3484 3485 3486 3417 
6640 3488 3489 3490 3491 3492 3493 3494 34.5 
6650 3496 3497 3498 3499 3500 3501 3502 3503 
6660 3504 3505 3506 3507 3508 350t 3510 3511 
6670 3512 3513 3514 3515 3516 3517 3518 351t 

6700 3520 3521 3~22 3523 3524 3525 3526 3527 
6710 3:>28 3529 3530 3531 3U2 3533 3534 3535 
6720 3526 3537 3538 3539 3540 3541 3542 3543 
6730 3544 3545 3546 3547 3M8 3549 3550 3551 
6740 3552 3553 3554 3555 3556 3557 3558 35~' 
6750 35&0 3561 3562 3563 3564 3585 351. 3517 
6760 3568 3569 3570 3571 3572 3573 3574 3515 
6770 3576 3S77 3578 3579 3580 3581 3582 3583 

0 I 2 3 4. 5 , 7 

7400 3840 3841 3842 3843 3644 3845 3841 3841 
7410 3848 3849 3850 3851 3852 3853 3854 385~ 
7420 3856 3857 3858 3859 3860 3811 3862 3813 
7430 3864 3865 3816 386'1 31S1 3119 3110 3871 
7440 3872 3873 38'14 3875 3111 3177 3878 3111 
7450 3880 3881 3882 3883 388f 3885 388. 3811 
7460 3888 3889 3890 3891 3892 38.3 31.4 31.5 
'1470 3896 3897 3898 3899 3900 3901 3902 3903 

7500 3904 3905 3906 3907 3901 3909 3910 3911 
7510 3912 3913 3914 3915 3916 3911 3918 3Ilt 
7520 3920 3921 3922 3923 3924 3925 3926 3127 
7530 3928 3929 3930 3931 3932 3933 3134 3935 
1540 3936 3937 3938 3939 3940 3.41 3942 3943 
7550 3944 3945 3948 3947 3948 3949 3'50 315. 
7580 3952 3953 3954 3955 395. 3957 3958 395. 
75'10 3960 3961 3962 3963 3964 3965 3961 3917 

7'00 3968 3969 3970 3911 3972 3913 3974 31" 
7610 3976 3977 3978 3979 3980 39ar 3912 3983 
7620 3984 3985 3986 3987 3988 391t 3190 3ft1 
763() 3992 3993 3994 3995 3998 3991 3 .. 8 3_ 
'7640 4000 4001 4002 4003 4004 400$ 4001.4001 
'7650 4001 4009 4010 4011 4011 4013 fOl4 4015 
7610 4016 4017 4011 401. 4020 4021 4011 4013 
'1670 4024 4025 4026 4027 4028 4029 4030 40,:11 

1700 4032 4033 4034 4035 4031 4037 4038 4031 
'710 4040 4041 4042 4043 4044 404~ 40484047 
"'20 4048 4049 4050 4051 4052 4053 4OS4 4OS5 
7130 4056 4057 4051 405. 4010 4061 fOIl 4013 
7740 40&4 40tS ~061 40&1 4018 406. 40'0 4071 
'7'750 4072 4073 40'4 40'S 4018 4071 4078 4O?t 
7160 4010 4081 4082 4013 4014 4015 4011 401' 
7770 4018 408. 40.0 40.1 4ot2 4ot3 4094 4095 

"'1·' .. .. .,,, 3.' 
cOe .... · co.c ..... 

ec ... Dec .... 
10000. 40N 
2OOGO. 1192 
30000· 12211 
AOOOO· 1631. 
50000 • 2O.tIO 
60000·2.576 
70000·21672 

-I"" .. .. 
7777 _S cOc.... CDMiMeI, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I MARK I 
f 

I OCTAL-DECIMAL FRACTION CONVERSION TABLE 

OCTAL DEC. OCTAL DEC •. OCTAL DEC. OCTAL DEC. 

.000 .000000 • 100 .125000 .200 .250000 .300 .376000 I 

.001 .001963 .101 .126953 .201 • 2~1963 .301 •. 376953 

.002 .003906 .102 .128906 ,'202 ,2&3906 .302 .378906 

.003 .005859 .103 .1308519 .203 .2516859 ,303 .380859 

.004 .007812 .104 .132812 .204 .257812 .304 .382812 

.005 .809165 .105 .134765 .205 .2:19765 .30:1 .384765 -I 

.006 .011718 .106 .136118 .206 .261718 .306 .386118 

.007 .013671 .107 .138611 .207 .263611 .307 .388611 

.010 .015625 .110 .140625 .210 .2656251 .310 .390625 

.011 .017678 .• 111 .142518 .211 .267578 .311 .392578 

.012 .019531 .112 .144531 .212 .269531 .312 .394531 I 

.013 .021484 .113 '.146484 .213 .271484 .313 .396484 

.014 .023437 .114 .1484:11 .214 • 213431 .314 .398437 . 

.0Ui .025390 .115 .150390 .215 .215390 .315 .400390 

.OU; .021343 .116 • Ull343 .216 .277343 .316 .402343 I 

.017 .029296 .111 .154296 .211 .219296 .3l'T .404296 

.020 .031250 .120 .156250 .220 .281250 . .320 .406250 

.021 .033203 '.121 .158203 .221 .283203 .321 .4011203 

.011 .03Sl51 .• 122 .160156 .222 .285156 .322 .410156 

.013 .037109 .123 .162109 .223 .281109 .323 .412109 I 

.014 .033061 .124 .164062 .224 .289062 .324 .414062 

.0" .041015 .U5 • 1660lS .225 .291015 .=125 .416015 

.011 .04d68 .126 .161868 .226 .292968 .326 .417968 

.01T '.044911 • lIT .1&t921. .227 .2&4921 .327 .419921 I 

.030 .04"" .130 .171175 .230 .296875 .330 .411875 

.031 .048821 .131 .173828 .231 .298828 .331 .413828 

.032 .050181 .132 .115181 .232 .300781 .332 .41&781 

.033 .oun. .133 • n7134 .233 .302734 .333 .417734 

.034 .064687 .1301 .179687 .234 .304681 .334 .429881 I 

.031 .OSS840 .. .13& .181640 .236 .306640 .335 .431140 
• 036 .osn93 .136 .183593 .236 • a08593 .338 .433593 
.037 .060546 .137 • 18S546 .237 .310546 .331 .435540 
.040 .011500 .140 .187&00 .240 .312500 .340 .437600 I 
.041 .0644&.3 .141 • 1894113 .241 .3144&3 .341 .4384&3 
.041 .066406 .141 • 191406 .241 .316406 .342 .441406 
.043 .018U' .143 .193350 .243 .3183119 .343 .443369 
,044 • Ot0311 .144 • 19!i311 .244 .320312 .344 .445311 
.045 .012265 • 1411 • 19UG5 .24& .322285 .345 .447285 I 
.041 .014U8 .146' .199218 .246 .324218 .346' .449118 
.041 .018171 .147 .201171 .147 .326171 .341 .4111171 
.050 .078115 .150 .203125 .250 .328125 .350 .453115 
.061 .080078 .151 .205078 .251 .330078 .351 .455078 I 
.011 .082031 .152 .201031 .252 .331031 .352 .417031 

,.051 .083884 • 153 .20898 • .153 .333984 .353 .458984 
.054 .085137 .154 .210937 .254 .335931 .354 .460937 
.055 .onato .155 .212890 .255 . .337890 .355 .462890 
.051 .089843 .156 .214843 .256 .339843 .356 . .484843 I 
.OST .091796 • IS? • 216196 .257 .341796 .35' .468'19& 
.060 .093750 .160 .218'150 .160 .343'150 .360 .468750 
.00l .095'03 .161 .220703 .261 .345703 .361 .410703 
.081 .097656 .161 .222666 .262 .347656 .362 .472656 I 
.063 .099609 .163 .224609 .263 .349609 .363 .474609 

I 
.084 .101462 .164 .226562 .264 .351562 .364 .476661 
.015 .103615 .165 • 228S1S .265 .3$3516 .365 .478515 
.061 .105." .166 .230468 .266 .3554.68 .366 .... 0468 
.017 .101421 .167 ,232421 .267 .3&1421 .367 .482421 
.OTO .10.375 .170 .234375 .270 . .359315 .370 .484375 
.071 .111318 .171 .236328 .271 ;361328 .371 .486328 
,OTI .111181 .112 .238281 .272 .363281 .372 • 4881tU 
.073 .115234 .173 .240234 .273 .365234 .373 .490234 I 
.074 .117187 .174 .242187 .274 .367187 .314 .492187 
.07$ .119140 •. 175 . .244140 .275 .369140 .375 .494140 
.07t .111093 .176 , .246093 .216 .3110.3 .376 .416093 .on .113041 .177 .248046 • ITT .373046 .317 .418041 . 
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MARK I \ 

'I, 
OCTAL-DECIMAL FRACTION CONVERSION TABLE (Cont) 

OCTAL DIC. ,OCTAL. DEC. OCTAL. DEC. OCTAL. DIC. 'I, .- ,000000 .000100 .000144 .000200 .0004" .000100 .000711 

I 
...... , .000001 .000101 .00014'7. .000201 .0004,. • 0001101 .000' • .00000. .000007 .000101 .000111 

r 
.000102 .000416 • 0001101 .000' • 

.000001 .OOOOU • 000103 .000211 .000203 .0004" .000103 .0007 • 

.000004 .000011 ,"000104 .0002" .000a04 .000503 .00011~ ,.000'" 

.000001, .000011 .000106 .000113 .000206 .00050' .0001106 .000ft, 

I .• 00000I .000011 .000101 .00011f .oooaol .000511 .00030' .,If.7l1 
.000007 .000011 .000107 .000aTO .00010' .000114 .000307 ".00071' 
.000010 .000030 ,OOOUO .000174 .OOOUO .000611 .000310 .0001.1 
.000011 .000034 ,OOOlU .000171 .0001U .oooni .000311 .000711 ' 

I 
.000011 .000031 .000111 .,000211 .OOOUI .00052' .000311 .ooono 
.000013 .000041 .000113 .000281 .000U3 .000530 .000311 .ooon4 
.000014 .000045 .000114 .000289 .000214 • 000134 .000314 .ooon • 
.000011 .000041 • 000115 .000.13 .000215 .000537 ,000311 ,0007 • 
.000011 .000053 ,000116 .00029'l ,000216 .000541 .000311 .000711 

I .000017 ,000057 ',000117 .000301 . .000211 .000545 ,000317 .00071' 
.000010 .000061 .000120 .00030$ .000220 ' .000549 .000310 .000713 
.000011 ,000064 .000121 .000308 .000221 .0,00553 .000321 .000717 
.000011 .000068 .000122 .000311 ,000222 .000556 .000322 .000101 

I 
.000013 .000012 .000123 .000316 .000223 .000560 .000313 .000105 
.000014 .000016 .000124, .000320 .000224 .000564 .000314 .000101 

'.000025 .000080 .000125 .000324 .000225 .000568 .000325 .000111 
.000026 .000083 .000126 .000328 .000226 .000572 .000316 .000111 
.000027 .000087 .000127 .000331 .000227 .000516 .000317 .0001" 

I .000030 .000091 .000130 .000335 .000230 .0005'19 .000330 .000113 
.000031 .000095 .000131 .000339 .000231 .000583 .000331 .000117 
.000032 .000099 .000132 .000343 .000232 .000587 .000331 .000131 
.000033 .000102 .000133 .000341 .000233 ;000591 .000333 .000835 

" 

I 
.000034 .000106 .000134 .000350 .000234 .000595 .000334 .000139 
.0Il0035 .000110 .000135 .000354 .000235 .0001>98 .000335 .000141 
.000036 .0001.14 .000136 .000358 .000236 .000602 .000336 .000846 
.000037 .000118 .000137 .000362 .000237 .000606 .000337 .000850 
.000040 .000122 .000140 .000366 .000240 .000610 .000340 .000854 

I ~0{I0041 .000125 .000141 .000370 .000241 .000614 .090341 .00085a 
.000042 .000129 .000142 .000373 .000242 .000ti17 .000342 .000862 
.000043 .000133 .000143 .000371 .000243 .000621 .000343 .000865 
.000044 .000131 .000144 .000381 .000244 .000625 .000344 .00086' 

I 
.000045 .000141 .000145 .000385 .000245 .000629 .000345 .000873 
.000046 .000144 - .000146 .000389 .000246 .000633 .000346 .000877 
.000041 .000148 .000147 .000392 .. 000247 .000631 .000347 .00088t 
.000050 .000152 .000150 .000396 .000250 .000640 .000350 .000885,:' 

I 
.. 

.0000~1 .000156 .000151 .000400 .000251 .000644 .000351 .000888 

.000052 .000160 .000152 .000404 • 000252 .000648 .0.00351 .oooa .. 

.000053 .000164 .000153 .000408 .000253 .000652 .000353 .oooa,. 

.000054 .• 000161 • 000lS4 .000411 .000254 .000656 .000354 .000900 .~ . 

'.C!OOO5S .000111 .000155 ;000415 .000255 .00065' .000355 .000'" 

I 
.00005e .000115 .000156 .000419 ,000256 .000663 .000356 .000107 
.00005' .000119 .000151 .000423 .000251 .000661 .00035' .000911 
.0000l0 .000183 .000160 .000427 .000260 .000611 .000360 .000t15 
• 000061 .000186 .000161 .000431 .000261 .000615 .000361 .000919 .. 
.000062 .000190 .00016l .000434 .000262 .000619 .000362 .000913 

I .000063 .0001N .000163 .000438 .000263 .000682 .000363 .000921 
.000064 .000198 .000164 .000442 ' .000264 .000686 .000H4 .000930' > 

.000065 .000202 .000165 .000446 .000265 .000690 .• 000365 .000'34 
,.000066 .000205 .000166 .000450 .000266 .000694 .000318 .~I 

I· 
.000067 .000209 .000161 .000453 .000261 .000698 ,000367 .OOOMI 
.000010 .000213 .000110 .000451 .000210 .000101 .000370 .000t48 
.000011 .000211 .000171 .000461 .0002'll .000705 .••. • 000371 ;OOOM • 
.0000'12: .000221 .0001.,2 .000465 • 000212 .00010, .0003'12 . .000t13· 
.000073 .000125 .,!)oon3 .00046' .000213 .000713 .000373 .OOOIi7 

I 
.000074 .000211 .00017. .000473 .0002'14 .000117 .• 000314 . ... ' 
.000071 .000231 .000115 .000418 .000375 .000120 .000311 .• oootI$ 
.000078 .000238 .00017e .000480 .000216 ;000714 .ooonl .000H8 
.000077 •. oooaco .000171 .00048. .000211 .000128 .0003"., .000.71 
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I MARK I 

I OCT AL-DECIMAL FRACTIOr;1 CONVERSION TABLE (Cont) 

I OCTAL DEC. OCTAL DE:C. OCTAL DEC, OCTAL DEC. 

.000400 .000976 .000500 .001220 .. 000600 .001464 .000700 .001708 

.000401 .000980 .000501 .001224 .000601 .001468 .000701 .001712 

I 
.000402 .000984 .000502 .001228 .000602 ' .001412 .000702 .001716 
.000403 .000tl8 .000503 .001232 .000603 .001476 .000703 .001720 

,.000404 .000"1 .000504 • 001235 • 000604 • 0014110 .000704 .001724 
.000.05 .00099~ .000505 .001239 ,000605 .001483 .000705 .001728 
.000408 .000999 .000506 .001243 .000606 .001487 .000706 .001731 

I 
.00040., .001003 .000507 .001247 .000607 .001491 .000707 .001735 
.000410 .001007 .000510 ,001251 .000610 .001495 .000710 .001739 
.00,0411 .001010 .000511 .001255 .000611 .001499 .000711 .001743 

, .000412 .001014 .000512 .0012r.S ,000612 .001502 .000712 .001H7 

I 
.000413 .001018 .000513 .001262 .000613 .001506 .000713 .001750 
.000414 .001022 .000514 '.001266 .000614 .001510 .000714 .0017:H 
.000415 .001026 .000515 .001270 .000615 .OQ1514 .000715 .001758 
.000416 .001029 .000516 .001274 .000616 .001518 .00071G .001762 
.000411 .001033 .000517 .001277 .000617 .001522 .000717 .001766 

~·i I 
.000420 .001037 .000520 .001281 .000620 .001525 ,000720 .001770 
.00p4l. .001041 .000521 .001285 .000621 .001529 .000721 .00J773 
.000412 .001045 .000522 .001289 .000622 .001533 .000722 .001717 
.000423 .001049 .000523 .001293 .000623 .00153'1 .000723 .001781 

I 
.000424 .001052 .000524 .001296 .000624 .001541 .000124 .001785 
.000425 .001056 .000525 .001300 .00062r. .001544 .000725 .001789 
.000426 .001060 .000526 .001304 .00062G .001548 .00072G .001792 
.000421 .001064 .000527 .001308 .000621 .001552 .000727 .001796 
• 000430 .001088 .000.&30 . ,001312 .000630 .001556 .000730 .001800 

I 
.0004" .0010n .000S31 .001316 .000631 .0015GO .000731 .00\804 
.000432 .00107S .000S32 .001319 .000632 ,001564 .000732 .001808 
.oe0433 .00107. .000$33 .001323 .000633 .001S67 .000733 .0011111 

, 
! 

'I 
.000434 • 0010e~ ,OOOS34 ,00132'1 .00063·\ .OOI~71 .000734 .00181&. 
.000435 .001087 .000~31i .001331 .0001i3& .001fl75 .000135 .001810 
.000438 .001091 .000~36 .001335 .000636 .001&70 .000736 .001823 
,000437 ,001014 ,000&37 .001338 .00063'/ ,001&83 .000731 .001827 
.000440 ,OO10ta .000540 .001342 .000640 .001586 .000140 .001831 
.000441 ;001101 ,000541 .00\346 .000641 .OOIS!lO .000741 .001834 

I 
,000 ... 1 ,001108 , 000~4a .0013:;0 ,000642 .001594 .000742 .001838 
,000443 .001110 .000f/43 .0013G4 .000643 .001598 .000743 .001842 
,000444 .001113 ,000544 .0013$8 ,000644 .001602 .000144 .001846 
,00044$ ,001117 .000545 .001361 .000645 ,001605 .000745 .001850 

I 
.000448 .001121 .000f/46 .OOI36!) .000646 .Q01609 .000746 .001853 
.000447 .00111& .000547 .001369 .000647 ,001613 .00074'1 ,001857 
,0004110 .0011a. .0005S0 .001373 .000650 .001617 ,000750 .001861 
.0004111 .001131 .000551 .001311 .0006S1 .001621 .000151 .001865 
~0004l1 .001136 .000552 .001380 .000652 .001625 .000752 .001869 

I 
.000453 ,001140 .000553 .001384 • Q00653 .001628 .0007S3 .001873 
.b004l4 .001144 .000554 .001388 .000654 .001632 .000754 .001876 
.000411 .001148 .000555 .001392 .000655 .001636 .ooons .001880 
.000411 .001111 ,OO05S6 .001396 .000656 .001640 .000156 .0018S4 

I 
il 
I II 

I 

.0OHI1 .001111 .000557 .001399 .000657 .001644 .000'157 .001888 

.000480 • 00 11 It .000560 .001403 .000660 ,001641 .000160 .001892 
,0004" .001113 ' .000561 .001401 .000661 ,001651 .000761 .001895 
.000411 .0011.., .000562 .001411 .000662 .001655 .000762 .001899 
.000483 .00U71 .000563 .001415 .000663 .001659 .000763 .001903 
.000484 .001114 .000564 .001419 .000664 .001G63 .000764 .001901 
.OOH8i .001171 .000565 .001422 .000665 .001667 .000785 .001911 
.000 .... .001181 .000186 • 001428 .000666 .001870 . .000166 .001914 
.0004" .oouae .000561 .001430 .000667 .001674 .000767 .001918 
.OOH'O .OOU" .0005"0 .001434 .000670 ,001678 .000770 .001921 
.000471 .0011" .000171 .001438 .000671 .001682 .000771 .001926 
.000471 .ooun .000511 .001441 .000672 .001686 .000772 .001930 
.0004'13 .001101 .000113 .001445 .000673 .001689 .000773 .001934 
.000474 .001101 .000174 .001449 .000874 .001693 .000774 .00193'1 
.000471 ,001101 .000171 .0014113 .000675 .001697 .000'1'11 .0011141 .ooon. .001113 .ooons .001417 .000676 .0017.111 .Ooo.,.,s .001t45 
.000477 .00111' .00017' .001481 .00067'1 .001105 .00077' .001 .... 
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