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INTRODUCTION

~~~ The program is called~~ATTENLOSS4~~ nd assumes a table (RANGE) is
filled in core with values of range and propagation loss in sets of two.
The program then works on this table to calculate the attenuation

~~~ coefficient (COEFF), the transitional range (INTERCEPT), a table of
‘~~~~~ ranges (RANGE 1), and a table of adjusted propagation loss (ADJPRO).

Additionally, the standard error of estimate (SEE) and the standard
> error of the regression coefficient (SERC ) are calculated.

MATH MODEL

The eauations in this program are essentially derived from the
propagation loss equation of the following form:

PL-,O Jo3 R~~ o~~~+H.

where: PL = propagation loss in DL

D o c R = range in yards .

point at which cylindrical rather than spherical
?PR 2 1919 spreading becomes the dominant loss mode.

~~~~~~~~~~~~ H0 = 10 Io~ R, the transitional range in DB or the

= attenuation coefficient in DB/yarcj .
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The loss equation written in the above fashion is simply the equation
for a straight line where y. P3.—io u 9 R , the adjusted propagation
loss (ADJPRO), andX* R , the range. The transitional range i4. is
slinoly the ‘f intercept and ~ , which is the attenuation coefficient,
is the slope of the line. The solution for ~ can then be written as:

~~~~where fl = number of data points

Similarly:

H .( £Y~~~ZZXY 
~¶ ‘ n(Zx ~ -(E~~

An estimate of the “goodness of f i t”  of the data points to a straight
line approximation may be made by calculatir~g the standard error ofestimate of the data points about the straight line which is given by:

•
f l_a

and the standard error of the regression coefficient, which tests the
variability of the attenuation coefficient, and is given by:

~rti I’ UI
____ —[i~MATH DEVELOPM ENT

The following statements list the solutions to the above equations
in the manner in which they are solved in the program.

i) ZR
2) Z R~ _ _ _ _

Wtilti *~ ItiS
3) j o I.~ R DOC ii~ri $,clIM 0 ’
4) Pi. ‘0 169 R a UiCE1~~~~~ 

5) t t (PL-Io i.e .~~
)

6) 
~~~~, 

R (P~~ ‘0 I~ R) ~~~~~~~~~ u iiun CO9~
p~ *v*a.~~ADJPRO 7) pj — ,o i.~ R -

8) Z(PL - l0 I.~ r i)
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9) (ia)
10) p1 CZR’)

H 
U.)

12) ZRZ(PLII IO 1~~~
R)

13)

‘4 p1~~~~(PL_t0 1.j R).1RZC 1b0 b63~~)

15) nZR(PL 10 I~ R) R~~(PL ’° 109 R)/n~~R’)-(ER)2’

16) ERZR(P~~ ’° Ie~ R)

17)

18) PL SOIS 9~~~~~~ER~~~R<~~~ 
log R)

INTERCEPT l 9 )E R ~Z(PL’ J0 I~ 
ii) ” ERE f ~(PI. ’° I.g R)/n(tR~) (ER)’

20)°~~~

21)

22)

23)

24)~~~(.tR4’H..PL4’J6 14~R)
25)~~~(l~R+H. PLht I0 l0 R~~/ ’~~2

SEE 2 6) [ Z (u I R+ I 4 ._P L + 10~~~9 f t)~’/P %h1 Z

27)J~~~~~

SERC 28)

PROGRAM INP UTS

The program computes only one coef ft I

the following marmer: 
called “RANGE” be set

3
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Table “ RAN GE”

Cell 1 Range ( 1) in hundreds of yards , scaled 0 bits
Cell 2 Propagation Loss (1) in DB, scaled 3 bits
Cell 3 Range (2)
Cell 4 Propagation Loss (2)
Cell 5 Range (3) etc.

The range and propagation ,loss sets do not have to be in any particular
order and the range may be either positive or negative , indicating an
opening or closing run. The total number of cells used for Table “RANGE”
is set into cell “LIMIT” , scaled 0 bits.

PROGRAM OUTP UTS

( The following are program outputs (which remain in core):

COEFF Attenuation coefficient in DB, scaled 15D bits.
INTERCEPT = Transitional range in DB, scaled 9D bits.
SEE = Standard error of estimate in DB, scaled 9D bits.
SERC = Standard error of the regression coefficient in

DB/unit range, scaled 9D bits.

Table ADJPRO, adjusted propagation loss and range in the following
form :

Cell 1 Range (i) in kyds, scaled 3 bits
Cell 2 PL —lOlog R(l) in DB, scaled 3 bits
Cell 3 Range (2)
Cell 4 FL .-lOlog R(2).
Cell 5 Range (3) etc.

OPERATING INSTRUCTIONS

1) Load Table “RANGE”

2) Set “LIMIT” to number of values in table “RANGE”

3) pJ1’ * ATTENLOSS
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OTHER PROGRAMS REQUIRED ~ )R C(I1PILATION

CONLOGIT — Decibel conversion routine

FLPARITH - Floating point package

CO~~ REQUIR~71ENTS

21410 cells for ATTENLOSS minus tables

~kio cells for CONLOGIT

65010 celia for FLPARITH

96010 Total cells

COGNIZANT SCIENTIST

W. Thorp, Code 2211.2

tU4d~t l~ 7t~~~L4..4L
ROBERT B. MACDONALD
Physicist

/
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1. B~N0Z1 — Table — Ran,~e values in Iciloyards, ecalecl 3 bits.

‘. QSU)O~2 — Variable — Q register portion of floating point znimber for7~R2
.

3. ASU~~2 — Variable — A register portion of floating point number for U2
.

I. R~P~3 — Table — Bange—propagation loss values. Range in hundred.e of
yards, propagation lose in DB. Range, unecaled; FL,
scaled 3 bits.

5, Stfl~ — Variable — Sum of range values in I~~is., scaled 3 bite,

6, LIi~!IT — Variable — Total number of values to be processed (range plus
propagation loes), scaled 0 bits.

7. NOP — Va’iable — Holds count of total number of values proceseed., scaled 0 bite ,

8, KI’E?~ — Variable — Temporary stor age.

9. ASU~~ M — Variable — £ register portion of floating point quantity for
~~R(PL — 10 log R).

10. ~SU~~NW — Variable — Q register portion of floating point ~isntityfor ZR(PL 10 log R) .

11. ~ADJPR0 — Table — Adjusted propagation lose (FL — 10 log R) in DB,
scaled. 3 bite .

12. NW — Var iable — Sum of adjuated prop agation lose ~~(FL — lo log R) in
us, ecal.d 3 bite .

13. £SUI~ — Variable — A register portion of floating point number for (11)2.

1~i.. QSU)~ — Variable — Q register portion of flontin g point number for (~R)
2
.

15. ~&DtV ISOR — Variable — A re~ieter po~tion of floating point number for
n~~R’) - (I a)

16. ~DIVIS0R — Variable — Q re~ieter po~tion of floating point number for

17. A~0P — Variable — A register portion of floati ng point number for n.

18. Q~~)P — Variable — Q register port ion of floating point number for n,

19. ASUNR1 — Variable — A register portion of floatin g point numb er for Il.

20, QSUMR1 — Variable — Q register port ion of floating noint number for U.

21. Ar r’ — Variable — A register portion of floating point number for
1R1~PL — 10 log B).

La
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Definiti on of Ter ms (cont ,)

22. (~~URT — Variable — ~ register portion of floating point number for
£RI(PL — 10 log B).

23. COEP’P — Variable — Attenuation coefficient in DB/yd., scaled 15D.

24. Q~RRNV — Variable — Q resister portion of floati ng point number for
IP .ZR(FL — 10 log B).

25. A~~NW — Variable — £ register portion of floating point number for
IREt (FL — 10 log B).

26. IW1~~C~PT — Variable — Transitional range in DB, coaled 9D.

27. DII’ — Variable .. I(srB#H0—PL+10 log a)2, coaled 3 bits.

28. LIMIT2 — Variable — Total number of rang. (only) values, coaled 0 bite,

29. SYN — Variable — Z~ R +L~~ P1,,l0 log R)2,fn — 3, coaled 3 bits .

30. ~~ — Variable — Stai~ ard error of .etimat• in DB, coaled. 9D.

31. ~~~~ — Variable — St*M~ard error of the regression ooeffici.nt in
1)3/unit rang ., scaled 9D.

F loating Point Arithmetic Terms (YLPARITh )

1. 7LNN’l! — ~~ter floating point accumulator.

2. ILAD — Floating point add,

3, FLSB — Floating point subtract,

4. PL}~ - Floati ng point multiply .

5. PLDV — Floating point divide.

6. ILSTR — Floating point store.

7. Y~~~LT — Fixed point to floating point conversion.

8. FLT’Lt — Float ing point to fixed point conversion ,
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A L A T ON
M TTNO Q~ b,,S~. 2uU tJ O
A I1NO Q~ ~‘RO ~RAM.M sCOONA LD *6,JANUAR ’f 1969
41 T,~.O j~~ LOC—O U
A1 T~ O 1W ~HbL*~ UrlN .FXW~ ’’SUM OF RANGE (YOS ) Sc 3
AlY ’~iO 15 V L.NOP.F~~~ ’ ’ ’ N UM A ER OF RANGE VA LUE S
A~ TNO lo ~ikb L .A 5UM~ 2* FX~~’ ’ ’ S U M  OF RNAGE S(.UARED A REG . F’LT PT
A ’TT~ o 1; L .U5L ,~R2 .FXW ’’’5)M OF RANGE SQUARED Q PEG. FLY PT
AT T~.O 1, V I~iL .ASUMRNe.FX~ ’’’ 5UNR (NW —3O LO GR ) A REG , FLY PT
A 1TNO 2L VkBL .OSUMRNw .FX* ’’’SU,~R (NW—1 0L0GR ) Q REG. FLY PT
A~ T~ O 2i ~~~~~~~~~~~~~~~~~~~~~~~~~~~ Sc 3
At TN O 2 ,~ VR8 L *A SUMR. FXW’’ ’ C SUM RANGE ) SQUARED A REG . FLY PT
A 1TI ~O 2* IR6L .~ SUMR .FXW’’’ (SU M RANGE ) SQUARED Q PEG . FLY PT
A~ T,4O 25 V l~~L *A 0IV ISOR* FX *’’ lN 5UMR SQD .— (SUMR ) SQD . ARES FLY
A TTNOO2o V l~BL *OOiV 1SOR sFX~ ’’f ,’IlSUMR SQD ,— (SUMR ) SOD , ORES FLY
A 1Tt~O 2r ~.,RBLsANUP .FXw ’’’NUMG LR OF POINTS A PEG , FLY. PT ,
ATT NO 2b ~~~~~~~~~~~~~~~~~~~~~~ OF POINTS 0 REG . FLY , PT.
AITNO 29 V~BLsA SUB T .FXW’’’ SUMRSUM (NW—1O LOGR ) A REG , FLY PT
ATiN O 3~ dI (t i L s Q S U B T . FXW ’ ’ ’ 5 U~ R51~M( NW~~1OL0GR ) 0 PEG . FLY PT
A ITNO 3~ V L .~ PRN*.FX~ ’’’SUM NSUMR (NW— 1OL0GR ) 0 MEG , FLT PT
A TT NO 33 V I~BL .AR KN w * FXW ’ ’ ’ SU MPS S UM R( N*~ 1OLOGR ) A RCG . FLY PT
ATT NO 3i V R BL * SY N . p X * ’ ’ ’ S U~~(y—y HAT ) / N— 2 SC 9
A T T N O 3~ V L * O 1 F* FX W ’ ’ ’ S U M (~~~—1OL OGR ) A ’ .IA R+H)P SC 6
A ITNO 3~ ~RtiLaCoEFF.F xw ’’’ATr~N COEFF (D8/VD ) SC 150
AT YN O 37 V~ BL .1N1ERCEPT*FXW ’’’TRANS ITI 0N RANGE (Dd ) SC 9
ATT N O 36 VR5 Ls~ERC~ FX~ ’’’STAN . ERROR OF BEG. COEFF , Sc 150
ATT NO 31 ~IR8 L* L I M Ij 2s FXW ’’ ’ N UMB ER OF RANGI. VALU ES
AT T N O Id VI~8L*MTEMP*# XW’’’T EM PORAM Y STORAGE
A T T P~O 39 VRB L*SEL I.FX~~’ ’ ’ S T A N . ERROR OF ESTIMATE SC 150
ATTNO 22 V RBL .L IM IT* FXW ’ ’ ’ T O I A L  NUMBER OF POINTS(RA NG + PROP )
A TT N ~l ls B L *AS UM R 1s FXW ’’ ’ S U M OF RANGES
ATTi ~i V I~BL*QSUMR1*F XW ’’’SUM OF RANGE S
ATTh O ‘eu ENO— LOC—O O
A ITNO 4ê~ A ITNL PROC EDURE.AT TE NLOSS
A’7TNO 1.~ ENT s ’ B l i O I s I I N IT IA L IZ t .
A TT NO ~3 E N T * Q s O ’ ’ . I N I T I A L IZ E
AI TNO 1.’. Mb TAR T STR *Qs SU P~R+U1 )’’’I~~1TI AL IZE SUMR
A TI NO ‘e~ 6SK*~3 1siO .’’LNI T IAL IZE OTMER VARIAB LE S
A TT NO ~~ .JI-’S MSTAN I

3 ATTN O 1.7 ENTs t ~2 .O ’ . ’ ~~NIT 1ALIZ E
ATTN ~~ RPL* ’ r—1 ss ~~L IMIT )
A 1T F’. 1.9 ~‘ 5 t A RT t  R PL .Y+ 1*W ~ NOP)
ATTN Su ENT .Qs~~CRAN6E+B1 ) .O~ OS
ATTN 5i)u5 CP.~
ATT N 5(~1O STRSG*4*A LERO
ATTN 5l~j 5 J~ *M~3MC~ATTN 5U~ 2 ENT .t~1.1+[~1
A T TN SOaO R~ L sV—t * i l ( NO P )
ATTN 5O~~A T T NOO 5J , MUA CI~A ITN OO5 IUS
A TTN O O SIlO U1V.1~A 1T~ 5,~ STRs Gs*~ RA N ~,L1+a~~)
ATTr ~O 5 .~ ALO.~ sw~ 5LJ MN )’’’OBT ’jN SUMR
A T 1i~,0 5i STR ’O** (SjMR)’’’~ TO~L
ATTN 5~ t~NT.~~*w j R 4 N~jEj +~~2)
ATTN 5~
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~1T. C 57 L~,H.A~~.~~~’’’SET OCTA L PT. BET , A AND 0 REGISTERS
AT T .U 5~. H~JP•F1 X FL T ’’’RANGE SI4UAREO IN FLOAT ING POINT PEG,
A T .~ ‘

~~~ ~~~~~~~~~~~~~~~~~~~~~~~ SUM RANGE SQUARED
ni ‘i.C ~~, ~~~~~~~~~~~~~~~~
A~~~~C 6 ,, H..P.FLA Lj ’ ’ ’SuM R SQ iJARED IN FLY PT REGISTER
~TT~1O b~ ~~JP *FL5TR ’’’R LS TQRE t~ SQUARED TO A AND 0 REGISTERS
A ITMJ c,~~ S1R *A *W,( A L L3MR 2 ) ’’$ ST IJR~ PARTS
M1TI’IIO 6* S1R sQsw( Q~ UMN2 )
A t T ~,j bS LNT.~.* (RANG El+b2)A ITNO 6,~ LSH.Q.I4’’’SET UP F~~ CONLO6IT
ATTi~O 6~ CONLO (~1T’’’1NPUT sc l~ D
A~ T~ O 6t~ STR*Q** (P~TEMP)’’’ST~~ E TEMPORARILY 08 VALUE SC 3
ATTNO 69 T.Q*W (RANGL+14t~1)’’’PROP LOSS VALUE SC 3
ATTNO ?u SLB.Q*~Q (MTEMP)’’’NW..1OLOGR SC 3 IN 08ATTN 7~,A T T r , O 7~. LSI4*A~.iO’’’SET OCTAL PT BET A AND Q REGISTERS
A I T NO 7.~ N1JP*FIXILT ’’’CONVERT R (NW IOLOGR ) GO FLY pT
ATIt ’eO 7,. ENT*A*W(ASUMRNW )’’’~ UM VALUES TO A AND 0
ATTNO 7~, ~NT .OsW(QSUMRNW

)
AITNOU76 N~P.FLAO’’’COMPUTE SUMR (NW IOLOGR ) IN FLY PT
ATTNOO77 R~jPsFLST~~’’’SET VALjE TO A AND Q REGISTER
A1Tr~Qo7b STR.A*W (A~UMRNW ) ‘‘‘STORE PARTS
ATTNOO79 STRsOCW I QSUMRNW)
AT T~ OOB Q EN TJ~Q*W (R ANGE+1 +U1)t ’’PROP LOSS SC 3 IN 08
A iT NOOB I SUB*G*~ t~~TEM P )
ATTN 82 STR.Q*W (AOJPRO+82)
ATTNOO6.3 AO0*Q*W(NW )’’’SUM VALUES
A TTfVOO 84 STR *Q*W1N ~ )’1’SUM (N~~ 1OLOGR )
A ITNOOb5 EP.TSB2 .1+B2 ’ ‘‘ INCREM ENT COUNTER
ATT i~ 86 ENT*B1s1+ôl
ATTN 87 MNG BSX*81*e(L IM IT)
A TTNOU 8ø 1JP*MSTA RT I ’ ‘‘NO

4 ATThOQ8 9 ENT’sQ*~~(SijMR ) ‘‘‘YES ,CQNTINUE
AT1N0089u5 CL*A
ATTN 9~ LSHSA Q.33
ATTN 9i R .JP*FIXEL T
ATTN 92 R~JP *FLST R
ATTN 9,~ Fi JP*FLMP
ATTN 9ji,5 R~ P *FLS TR
ATTNO ~ 9,. S1R *A *~~(A51JMR ) ‘‘ ‘ST~ r~L PARTS
AT TN0Q9~ STR *~ *W (OSUMR )

A ATT~ OO 9b Et T,A .O’’’tNITIALIZ~ATTNOQ 97 ENT*Q** (NOP)’’’TOTAL RANGE VALUES Sc 0
ATTNOO9b L5M*AGIsib’’’SET OCTAL PT UET A AND 0 REGI STERS
A TTNOO 9’, R,JP .FIXFL T ’’’CON\IERT t~ 10 FLY PT
A 1Ti~eOjU~ ENTsA *W IA SUM R2 ) ’’’SJ I~1R( SQUARLD ) IN FLY PT
ATT NO 1O I EN T*Q *W (QSUMR2 )
AT TNO 1O~ R JP*FLMP’ ,’NSUM ~~(SQ .) IN FLT PT
ATTNO lO~ EN T*A *W (ASUMR )’’’ (S~~.iK)5QUAR ~ D IN FLT PT
ATT iO lO 1. ENT.QsW(Q~ UMF( )
ATTf’i0105 R..~P*FLSo ’~~’wSUMR (5Q .I~~(SUMR )SO. ZN FLY PT
ATTreOjOt, R ,JP .FLSTR’’’SET T~ A AND 0
ATTN O 1O 7 STR sA*W (A O IV ISOR) ’’’~~TORE PARTS
A TTN O 1O 8 STRs (~*W (QO IVISOR )
ATTNO jO 9 LNT*A*O ’ ‘ ‘XN IT IAL IZL
AI TI4 Q 11U Lh T *GI*W( N cjP) 1 ’’TO TA~ NUtIbEH OF r~AL 1GE VALUE S SC ~)
A ITNO I1I LSH.AQs36’’’SET OCTAL PT 6ET A AM.) w REGISTERS
A TTi~OjL RjP .F1XH..~~’’’CONV ER r TO FLY PT I’
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S1R*M*~~(ANOP)’’’STOI~L PARTS
M1T NO1IS STR.G.W (Qr~1OP )A1TNO l1~ CL*A
ATT i’110j 1, LNT*U*W (SUM~ I

L~ H.AG,,i3
ATTNOjI9 M~JP*FIXFLTATTi~Oi2,., R.iP*FLSTN
ATTN012 (bu5 STR*A*W~ ASUMRI )ATT ~ 0i2ulo STR*Q.W(~ 51PMR1)
AITNOI2UX5 CL*A
A1TNOj2t~~Cl ENT*Q*W (N~ )
ATTNOl2U~ 5 LSH*A (a*33
ATTNOl2O,~O k JP*F1Xf LI
ATT ii012u3~5 ENT*(~i*W (Q5UMR1)A TTN O 12U~ 0 LNTIIIA*W (A5UMR1)
A1TN l2uL~5 RJP*FLMf~ATTN I2ubO RIJP*FLSTR
ATTNOj2j STR.A*W (ASUBT)’’’STQRE. PARTS
ATTNOl22 STRSQ**(QSUBT)
MTTNO12 .) ENT*QsW (DNOP)’’’TOTAL NUMBER OF RANGE PTS IN FLT PT
ATTNO12,. ENT*AsW (ANOP)
ATTNOj2~ RJP*FLENT’’’SET IN FLT PT REGISTER
A1TNOj2~ ENT*A*W ASUMNNW)’’’SE.T NSUMR (NW—1OLOGR ) TO A AND 0
ATTNO i2, ENT*Q*w (Q5UMMNW )
ATTNO12b R~JP*FLMP’’’NSUMR(NW ..xoLOGR) IN FI.r PT REGISTER
ATTNOl29 ENT*A*W(ASUBT)’’’SET SUMRSUM(NW—IOLOGR ) To A AND 0
A TT NOI 3~ ENT*Q*W QSUUfl
ATTNOj3j, R.iPaFLSB ’ ‘ ‘NSUMR(NW.4OLOGR)~ SUMR5UM (NW~ J 0LOGR) IN FP
AT TN 0l3~ ENT*A*W(ADIVISOR )’’~ N5UMR (SQ, — (SUMM )SQ.
ATTN0J3,~ ENT3Q*w (QOIVISOR )

RJP.FLDV’’’AITEN CO~kF iN FLT PT REGISTER
ATTNOI3S R~JP*FLTFIx’’’SET VALUE TO A AND 0 SC 300
ATTNOl3t, RSH*AQ.17’’’ATTEN COEFF SC 150 SET IN 0
ATTNOI3, STR*Q*W (CQEFF ) ‘STcJRE
ATTNOl30 ENTsA .O’’’INITIALIZE
ATTNOj39 ENT*Qsw(SUMR)
A)TN0j~4~ LSH*A~?*.,3’’’5ET OCTAL PT

• ATTNOl4l RUPSFIXFLT’’’CONVERT TO FLT PT
ATThOi’e~ ENT*A .w(ASUMRI’JW)’’’SJMR(Nw—IOLOGR) TO A AND 0
ATTNOI1.) ENT*U*W(QSUMRNW)
ATTNOl 1.Le R.JPsFLMfr’ ‘ ‘SUMRSUMR (N~—10LOGR)ATT ~1Oj’+~, RJP*FLSIR’’’SET TO ~ AND 

(~
ATTNOI’46 STRSQ*W(QRRNW )’’’ST~ RE PARTS
ATTN0

~
le, STR .A*W(ARRNW )

AITNOl1.8 LNTpA *Q ’’IINjTIAL~Z~.
ATTNOI1.9 ENTsGI*w(NW)’’’SUM (N~—lOLOGR )AITNOlSU LbH*A (~*~ 3’’’SET OCTAL PT
ATT~ 0l5l 

R~JPsFIX fLy’’’CONV (R1 TO FLY PT
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