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ABSTRACT

The Communications Simulation Program (CQMSIM) mathematically
simulates the various Apollo S-band CSM/LM/MSFN communication links by
permitting the user to specify a sequence of "black boxes" which define
a particular communication link. A data tape is generated by this pro-
gram which may be used with the TRWPLT general plotting program or which
may be saved so that future reports and plots can be produced without
having to repeat calculations.

The COMSIM program is written in FPRTRAN V for use on the SRU
1108 EXEC II computing system.
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1. PROBLEM DESCRIPTION

The Apollo S-band Communication System is designed to provide
tracking and communications between the Manned Space Flight Network (MSFN)
ground stations and the Command Service Module (CSM) and/or the Lunar
Module (LM) during the earth orbital and lunar phases of the mission.

The COMSIM program simulates the following Apollo S-band communica-
tion Tinks:

CSM and LM UpTlink Communications

The MSFN ground stations transmit to the spacecrafts on a phase
modulated carrier. The information includes combinations of the following:

1) Pseudo-random-noise ranging
2) Phase-shift keying (PSK) updata FM on a 70 KHz subcarrier
3) Voice FM on 30 KHz subcarrier

CSM S-Band Downlink Communications

The CSM S-band transmission to the MSFN ground stations includes a
phase modulated and frequency modulated carrier. When the carrier is phase
modulated, the information modulated on the carrier includes combinations
of the following:

1) Pseudo-random-noise ranging

2) 51.2 or 1.6 kbps PCM data PM on 1.024 MHz subcarrier
3) Voice FM on 1.25 MHz subcarrier

4) Backup voice PM on carrier

5) Key AM on 512 KHz subcarrier

The information on the frequency modulated carrier includes the
following combinations:

1) 1:1 Playback of:

Voice FM on carrier
51.2 kbps PCM data PM on 1.024 MHz subcarrier

2) 32:1 Playback of:

Voice FM on carrier
1.6 kbps PCM data PM on 1.024 MHz subcarrier

3) 32:1 Playback of:
LM 1.6 kbps split phase PCM data FM on carrier

1-1



CSM S-Band Downlink Communications (Continued)

4) Television FM on carrier
5) Real-time scientific data FM on 95, 125, and 165 KHz subcarriers

LM S-Band Downlink Communications

The LM S-band transmission to the MSFN ground stations includes a
phase modulated or frequency modulated carrier. When the carrier is phase
modulated, the information modulated on the carrier includes combinations
of the following:

1) Pseudo-random-noise ranging
2) 51.2 or 1.6 kbps PCM data PM on 1.024 MHz subcarrier
3) Voice and hardline biomed FM on 1.25 MHz subcarrier

4) Voice, hardline biomed and Extravehicular Mobility Unit (EMU)
signals FM on 1.25 MHz subcarrier

5) Biomed PM on carrier
6) Backup voice PM on carrier
7) Key AM on 512 KHz subcarrier

The LM S-band transmission to the MSFN ground station when the carrier is
frequency modulated has combinations of the following information:

1) Voice, EMU, and biomed FM on a 1.25 MHz subcarrier
2) 51.2 or 1.6 kbps PCM data PM on 1.024 subcarrier
3) Television FM on carrier

In order to simulate, mathematically, the various Apollo S-band
CSM/LM/MSFN communication Tinks we first define a number of computa-
tional "black boxes" called blocks. Each COMSIM block performs a
particular communication calculation, requiring specified parameters
as input and generating certain other parameters as output. By proper

sequencing of the CAMSIM blocks we may simulate each of the Apollo S-
band communication links.

A detailed description of the C@MSIM input and output is given in
Chapters 2 and 3 of this manual. A detailed description of the TRWPLT
general plotting program input is given in the TRWPLT User's Manual.
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1.1 CPMSIM BLOCKS

Presently the COMSIM program contains thirty-five functioning
blocks, which are described below. In addition to these thirty-five
blocks, fifteen "dummy" blocks have been inserted to provide for ease
in future expansion of the program. An additional calculation, for
finite transmitted signal-to-noise ratio, may be "attached" to certain
of these fifty CPMSIM blocks as described in Section 2.
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Block No. 1 — Received Signal Level Calculation
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1.1.2 Block No. 2 — Uplink Carrier Power Calculation
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1.1.3 Block No. 3 — Downlink Carrier Power Calculation
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1.1.4 Block No. 4 — Carrier Power with Voice and Biomed Subcarriers
on the Carrier Calculation
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1.1.5 Block No. 5 — Carrier SNR in Loop Filter Calculation
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1.1.6  Block No. 6 — Noise Spectral Density Calculation
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1.1.7 Block No. 7 — IF SNR Calculation




1.:1:8

Block No. 8 — Limiter Loss Calculation
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1.1.9 Block No. 9 — Transponder Constants Calculation
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1.1.70 Block No. 10 — Downlink PRN SNR Calculation
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Block No. 11 — Updata Subcarrier SNR in Predetection Bandwidth

Calculation
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1.1.12 Block No. 12 — Updata SNR in Postdetection Bandwidth
Calculation
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1.1.13 Block No. 13 — Downlink PM Mode High Bit Rate TLM SNR in

Predetection Bandwidth Calculation
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1.1.14 Block No. 14 — Downlink PM Mode Low Bit Rate TLM SAR in
Predetection Bandwidth Calculation
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1.1.15 Block No. 15 — Downlink FM Mode TLM Subcarrier SNR in
Predetection Bandwidth Calculation
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1.1.16 Block No. 16 — Downlink FM Mode TLM Subcarrier SNR in
Predetection Bandwidth (BER) Calculation
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1.1.17 Block No. 17 — Downlink Low Bit Rate TLM SNR in Predetection
Bandwidth with Voice on Carrier Calculation
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1.1.18 Block No. 18 — Split-Phase TLM SNR in Postdetection Bandwidth

Calculation
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1.1.19 Block No. 19 — Split-Phase TLM SNR in Postdetection Bandwidth
(BER) Calculation
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1.1.20 Block No. 20 — Probability of Bit Error Rate Calculation
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1.1.21 Block No. 21 — Uplink PM Mode Voice Subcarrier SNR in
Predetection Bandwidth Calculation
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1.1.22 Block No. 22 — Uplink Voice in Postdetection Bandwidth
Calculation
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1.1.23 Block No. 23 — Downlink PM Mode Voice Subcarrier SNR in

Predetection Bandwidth Calculation
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1.1.24 Block No. 24 — Downlink FM Mode Voice Subcarrier SNR in
Predetection Bandwidth Calculation
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1.1.25 Block No. 25 — Downlink FM Mode Voice SNR in Postdetection
Bandwidth Calculation
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1.1.26 Block No. 26 — Backup Voice SNR in Postdetection Bandwidth

Calculation
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1.1.27 Block No. 27 — Playback Voice SNR in Postdetection Bandwidth
Calculation
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1.1.28 Block No. 28 — Downlink Keying SNR in Predetection Bandwidth

Calculation
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1.1.29

Block No. 29 — Television SNR in Postdetection Bandwidth
Calculation
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1.1.30 Block No. 30 — EVA Modulation Constants Calculation
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11 <3l

Block No. 31 — EVA Subcarrier SNR in Predetection Bandwidth
(No Modulation) Calculation
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1.1.32 Block No. 32 — EVA Subcarrier SNR in Predetection Bandwidth
(with Modulation) Calculation '

( Fsci' Bscv’ Bscbi’ (

N

N
sc

' Ko AFEVA.)
A" ]

)

SCv

-0.788] +1

5
F 4K Bde Bscv <N>ch | S
Dy = | Deyp. = > antilog) ; |-0.434 (3
; : SC.
1
Y
S_)‘
, (N'scb.
(5_) g
N EVA. DEVAi

1-35




1.1.33 Block No. 33 — EVA Subcarrier SNR in Predetection Bandwidth
with Voice on Carrier Calculation
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1.1.34 Block No.

34 — EVA Biomed SNR in Postdetection Bandwidth

Calculation
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1.1.35 Block No. 35 — HLB Subcarrier SNR in Predetection Bandwidth
with Voice on Carrier Calculation
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1.1.36 Finite Transmitted Signal-to-Noisé Ratio Calculation
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1.2 C@MSIM PARAMETERS

Each symbol appearing as an input or output to any of the above
COMSIM blocks is called a parameter and is identified by two natural
numbers less than 801 called parameter numbers. We adopt the following

conventions regarding CAMSIM parameter numbers:

(i) The parameter numbers 1,...,300 are reserved for static
parameters, i.e. parameters which must be input by the
user in order to be used by CAMSIM.

(i1) The parameter numbers 301,...,500 are reserved for interm
parameters, i.e. parameters which must be input by the
user for certain sequences of COMSIM blocks but will be
generated by COMSIM for certain other block sequences.

(iii) The parameter numbers 501,...,800 are reserved for output
parameters, i.e. parameters which may not be input by the
user. These parameters can be assigned a value only when
computed by the proper CPMSIM block sequence.

(iv) 0dd parameter numbers are reserved for downlink parameter
values and even parameter numbers are reserved for uplink
parameter values. In general, 2N-1 represents the downlink
value of a certain parameter and 2N represents the cor-
responding uplink value of that parameter.

In addition to parameter numbers, each CPMSIM parameter is also
identified by a name, constructed of from one to six alphabetic characters,

called a computer mnemonic. The C@MSIM computer mnemonic associated with

a particular parameter is the actual name used to represent that symbol in
the FPRTRAN program. The user requires these symbols when tracing through
error walkbacks which may be generated by improper data input. Table 2-3

of the CPMSIM Programmer's Manual provides the user with a cross reference

between the CPMSIM parameter numbers and computer mnemonics. We list
below each of the COMSIM parameters and their corresponding computer
mnemonics.
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1.2.1 CPMSIM Parameters vs. Computer Mnemonics

COMSIM

Parameter

A

Description

Noise Spectral Density Constant
A

Noise Spectral Density Constant
B

FM Biomed Postdetection Noise
Bandwidth - Channel 1

FM Biomed Postdetection Noise
Bandwidth - Channel 2

FM Biomed Postdetection Noise
Bandwidth - Channel 3

FM Biomed Postdetection Noise
Bandwidth - Channel 4

Back-up Voice Postdetection
Noise BW

PM Mode Carrier Loop Noise BW

Biomed Effective Baseband
Click Bandwidths - Channel 1

Biomed Effective Baseband
Click Bandwidths - Channel 2

Biomed Effective Baseband
Click Bandwidths - Channel 3

Biomed Effective Baseband
Click Bandwidths - Channel 4

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 1

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 2

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 3

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 4

1-41

Computer
Mnemonic

A

BB

BB

BB

BB

BBE

BC

BD

BD

BD

BD

BEE

BEE

BEE

BEE

34

34

34

34

26

34

34

34

34

33

30

33

33

Block(s)

Used



CPMSIM

Parameter

B

EMU5

B
EMU6

Bemy

Bemy

B

't

8

HLB

Brr

dpbv

dsp

dtv
scb1

scb2

Description

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 5

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 6

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 7

Biomed Pred Noise BW with Voice
on Carrier for Sub. No. 8

HLB Pred Noise BW with Voice on
Carrier

IF Noise Bandwidth

Emergency Key Predetection
Noise BW

Voice Effective Baseband Click
Bandwidth

Biomed Effective Click Band-
width Sub. No. 1

Biomed Effective Click Band-
width Sub. No. 2

Biomed Effective Click Band-
width Sub. No. 3

Biomed Effective Click Band-
width Sub. No. 4

Playback Voice Effective Click
Bandwidth

Split Phase TLM Effective Click
Bandwidth

Television Effective Click
Bandwidth

Biomed Subcarrier Pred Noise BW
for Sub. No. 1

Biomed Subcarrier Pred Noise BW
for Sub. No. 2

1-42

Computer

Mnemonic

BEE

BEE

BEE

BEE

BHE

BIF

BKE

BLF

BLM

BLM

BLM

BLM

BLPBV

BLTP

BLX

BMSF

BMSF

33

33

33

33

35

Block(s)
Used

7,9,15,16,24,29

28

25

8il 532

31,32

31,32

31 ;32

e, 19

29

31,32,34

31,32,34



CAMSIM

Parameter

B
scb3

B
scb4

Bepbv

prv

scvu
scvd

SCv

dts

Description

Biomed Subcarrier Pred Noise BW
for Sub. No. 3

Biomed Subcarrier Pred Noise BW
for Sub. No. 4

Playback Voice Predetection
Noise BW

Playback Voice Postdetection
Noise BW

PRN Ranging Bandwidth
Transponder Video Bandwidth

PM Mode PCM Telemetry Pre-
detection Noise BW

PM Mode PCM Telemetry Pre-
detection Noise BW

FM Mode PCM Telemetry Pre-
detection Noise BW

Updata Postdetection Noise BW

Split Phase TLM Predetection
Noise BW

Split Phase TLM Postdetection
Noise BW

PM Mode Voice Predetection
Noise BW

PM Mode Voice Predetection
Noijse BW

FM Mode Voice Predetection
Noise BW

PM Mode Voice Postdetection
Noise BW

FM Mode Voice Postdetection
Noise BW

TLM Subcarrier Effective Click
Bandwidth

1-43

Computer

Mnemonic

BMSF

BMSF

BPBVE

BPBVO

BPK
BR
BTE

BTE

BTEF

BTO
BTPE

BTPO

BVE

BVE

BVEF

BVO

BVOF

BWTSF

Block(s)
Used

31,32,34

31,32,34

&l

27

10
9
17512

13,14,17

15, 16

12
18, 19

18, 19

21, 22

23

24,25,31,32

22

25

15, 16



CAMSIM

Parameter

des

Btv

f
SC-I

f
SC2

.F

L
SCy

fsct

SCv

Description

Voice Subcarrier Effective
Click Bandwidth

Television Postdetection Noise

BW

Biomed
quency

Biomed
quency

Biomed
quency

Biomed
quency

Subcarrier Center Fre-
for Sub. No. 1

Subcarrier Center Fre-
for Sub. No. 2

Subcarrier Center Fre-
for Sub. No. 3

Subcarrier Center Fre-
for Sub. No. 4

FM Mode PCM TLM Subcarrier

Center

FM Mode Voice Subcarrier Center

Frequency

Frequency

FM Biomed Subcarrier Frequency
Deviation Sub. 1

FM Biomed Subcarrier Frequency
Deviation Sub. 2

FM Biomed Subcarrier Frequency
Deviation Sub. 3

FM Biomed Subcarrier Frequency
Deviation Sub. 4

Delta Range Increment

Delta Received Signal Level
Increment

Voice Degradation Due to Non-
Rect Output BW

Playback Voice Degrad Factor

Due to

Non-Rect Output BW

PCM TLM Degrad Factor Due to
Non-Rect Output BW

1-44

Computer

Mnemonic

BWVSF

BXE

CMSF

CMSF

CMSF

CMSF

CTSF

CVSF

DELFB

DELFB

DELFB

DELFB

DELNM
DELSR

DFK

DFKPBYV

DFKT

Block(s)

Used
24
29
30-32
30-32
30-32
30-32
15, 16
24
34
34
34
34
22,24,25,31,32
&7
12, 15, 16



CAMSIM

Parameter

K

mc

Afsct

0ot

Aftu

AfSCV

Afvu

1A%,

Aftv

Description

Split Phase TLM Degrad Factor
Due to Non-Rect Output BW

Television Degrad Factor Due to
Non-Rect Output BW

Transmitting Frequency

Playback Voice Frequency
Deviation of Carrier

FM Mode PCM TLM Subcarrier Fre-
quency Deviation of Carrier

Split Phase Telemetry Frequency
Deviation of Carrier

Updata Subcarrier Frequency
Deviation of Carrier

Voice Subcarrier Frequency
Deviation of Carrier

Upvoice Subcarrier Frequency
Deviation of Carrier

Frequency Deviation of Voice
Subcarrier

Television Frequency Deviation
of Carrier

Losses Due to Spacecraft
Attitude

Receiver Antenna Gain
Transmitter Antenna Gain
Boltzmann's Constant

Biomed Degradation Due to Non-
Rect Output Bandwidth

Circuit Losses
Modulation Level Channel 1

Modulation Level Channel 2

1-45

Computer

Mnemonic

DFKTP

DFKX

FMC
FPBV

FTF

FTP

FTS

FVF

FVS

FVSF

FXF

GAMMA

GR
GT
K

KB

LC
MODLEV
MODLEV

18,

29

27

Blocks(s)

Used

19

15, 16

18, 19

12

24

22

25

29

34

30
30



COMSIM

Parameter

Description

Modulation Level Channel 3
Modulation Level Channel 4
Modulation Level Channel 5
Modulation Level Channel 6
Modulation Level Channel 7
Modulation Level Channel 8

Number of EVA Subcarriers with
Voice on Carrier

Back-up Voice Phase Deviation
Composit Phase Deviation

EVA Phase Deviation with Voice
on Carrier

HLB Phase Deviation with Voice
on Carrier

Static Phase Error in Carrier
Loop

Emergency Key Phase Deviation
of Carrier

PRN Ranging Phase Deviation
of Carrier

PCM TLM Subcarrier Phase Devia-
tion of Carrier

PCM TLM Subcarrier Phase Devia-
tion of Carrier

PCM TLM Subcarrier Phase Devia-
tion of Carrier

Voice Subcarrier Phase Devia-
tion of Carrier

Voice Subcarrier Phase Devia-
tion of Carrier

1-46

Computer

Mnemonic

MODLEV
MODLEV
MODLEV
MODLEV
MODLEV
MODLEV
NEMU

PBE
PDEV
PE

PH

PHIO

PK

PP

PT

PT

PT

PV

PV

Block(s)
Used

30
30
30
30
30
30
4, 17, 26, 30-35

4,17526,33435
30
4,17,26,35

4,17,26,35

2-4, 10,11,13,14
17,21,23,26,28,
33,35

3,28

25951521

2y, Tls 21
3,10,13,14,17,
23,26

4, 33, 35

2s s Ty 21

3,10,13,14,23



COMSIM
Parameter

),

rbuvd

B

rqc

pb'l

p
by

0b3

Ob4

Ppbv

Description

Required Backup Voice SNR in
Postdetection BW

Required Carrier-to-Noise Ratio
in Carrier Loop BW

RMS to Peak Factor for Biomed
Modulation Signal - Channel 1

RMS to Peak Factor for Biomed
Modulation Signal - Channel 2

RMS to Peak Factor for Biomed
Modulation Signal - Channel 3

RMS to Peak Factor for Biomed
Modulation Signal - Channel 4

RMS to Peak Factor for Playback
Voice

RMS to Peak Factor for PCM TLM

RMS to Peak Factor for Split
Phase TLM

RMS to Peak Factor for Voice

RMS to Peak Factor for
Television

Required Emergency Key SNR in
Predetection BW

Required PRN SNR

PM Mode Required PCM Telemetry
SNR in Predetection BW

PM Mode Required PCM Telemetry
SNR in Predetection BW

PM Mode Required PCM Telemetry
SNR in Postdetection BW

1-47

Computer

Mnemonic

RBE

RC

RHOB

RHOB

RHOB

RHOB

RHOPBY

RHOT
RHOTP

RHOV

RHOX

RKE

RPK

RTE

RTE

RTO

26

34

34

34

34

27

12

i85

4 175225125 5265

Block(s)

Used

19

33,35

29

28

10

11

13, 14

12



CAMSIM
Parameter

B

Description

Required Split Phase TLM SNR in
Postdetection BW

Required PCM TLM SNR in Pred
BW with Voice on Carrier

FM Mode Required PCM TLM SNR in
Predetection BW

PM Mode Required Voice SNR in
Predetection BW

PM Mode Required Voice SNR in
Predetection BW

Required Up Voice SNR in
Postdetection BW

FM Mode Required Voice SNR in
Postdetection BW

FM Mode Required Voice SNR in
Predetection BW

Composite SNR

Transmitted SNR Routine Constant

Maximum Transmission SNR of the
Link

Transmitting Signal Power
Taper Circuit Constant A
Taper Circuit Constant B
Transponder Gain Constant

Turned Around PRN Modulation
Index

Turned Around Updata Modulation
Index

1-48

Computer

Mnemonic

RTPR

RTSB

RTSFR

RVE

RVE

RVO

RVOF

RVSF

SNRCOM

SNRCST

SNTRDB

ST
TAPERA
TAPERB
TRC
ALPHA

BET

Block(s)
Used

19

17

16

21

23

22,25

25

24

30

Finite SNR

Finite SNR

1

30

30

9
3,9,10,13,14,23

359510135 14,523



COMSIM

Parameter Description
BEVA Biomed Phase Deviation with
1 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
2 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
3 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
4 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
5 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
6 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
7 Voice on Carrier for Sub No
BEVA Biomed Phase Deviation with
8 Voice on Carrier for Sub No
b Composite Modulation Level
DEvA Biomed Sub. Below FM Thresh
1 Degrad (With Mod) Sub No 1
Deya Biomed Sub. Below FM Thresh
2 Degrad (With Mod) Sub No 2
DEVA Biomed Sub. Below FM Thresh
3 Degrad (With Mod) Sub No 3
DEVA Biomed Sub. Below FM Thresh
4 Degrad (With Mod) Sub No 4
DSCb Biomed Subcarrier Below FM
1 Thresh Degrad for Sub. 1
DScb Biomed Subcarrier Below FM
2 Thresh Degrad for Sub. 2
DSCb Biomed Subcarrier Below FM
3 Thresh Degrad for Sub. 3
DScb Biomed Subcarrier Below FM
4 Thresh Degrad for Sub. 4

1-49

Computer

Mnemonic

BETEVA

BETEVA

BETEVA

BETEVA

BETEVA

BETEVA

BETEVA

BETEVA

COMOLE
DMMSF

DMMSF

DMMSF

DMMSF

DNMSF

DNMSF

DNMSF

DNMSF

30,

30,

30,

30,

30,

30,

30,

30,

30

32

52

32

31

31

31

31

Block(s)
Used
33

33

g3

33

88

33



COMSIM

Parameter

D (db)

scb]

D (db)

scb2

D (db)

scb3

D (db)
scb4

spt

Dspt(db)

Dsptber

Dsptber

Dsct

D__.(db)

sct

Dsctber

Dsctber

(db)

(db)

Description

Biomed Subcarrier Below FM
Thresh Degrad for Sub. 1

Biomed Subcarrier Below FM
Thresh Degrad for Sub. 2

Biomed Subcarrier Below FM
Thresh Degrad for Sub. 3

Biomed Subcarrier Below FM
Thresh Degrad for Sub. 4

Playback Voice Below FM
Threshold Degrad in Post BW

Playback Voice Below FM
Threshold Degrad in Post BW

Updata Below FM Threshold
Degrad in Post BW

Updata Below FM Threshold
Degrad in Post BW

Split Phase TLM Below FM
Threshold Degrad in Post BW

Split Phase TLM Below FM
Threshold Degrad in Post BW

Split Phase TLM Below FM
Thresh Degrad in Post BW
(BER Cal)

Split Phase TLM Below FM
Thresh Degrad in Post BW
(BER Cal)

FM Mode PCM TLM Below Thresh
Degrad in Pred BW

FM Mode PCM TLM Below Thresh
Degrad in Pred BW

FM Mode PCM TLM Below Thresh
Degrad in Pred BW (BER Cal)

FM Mode PCM TLM Below Thresh
Degrad in Pred BW (BER Cal)

1-50

Computer

Mnemonic

DNMSFB

DNMSFB

DNMSFB

DNMSFB

DPBV

DPBVDB

DTB

DTBDB

DTP

DTPDB

DTPR

DTPRDB

DTSF

DTSFDB

DTSFR

DTSFRB

31

31

31

31

27

27

12

12

18

18

19

19

15

1S

16

16

Block(s)

Used



COMSIM
Parameter

D
vu

Dvu(db)

D,

Dv(db)

SCv

Dscv(db)

tv

Dtv(db)

Description

Upvoice Below FM Threshold
Degrad in Post BW

Upvoice Below FM Threshold
Degrad in Post BW

FM Mode Voice Below Threshold
Degrad in Post BW

FM Mode Voice Below Threshold
Degrad in Post BW

FM Mode Voice Below Threshold
Degrad in Pred BW

FM Mode Voice Below Threshold
Degrad in Pred BW

Television Below FM Threshold
Degrad in Post BW

Television Below FM Threshold
Degrad in Post BW

Limiter Losses

Transponder Constant

Biomed Sub. Freq. Deviation of
Voice Sub. for Sub. 1

Biomed Sub. Freg. Deviation of
Voice Sub. for Sub. 2

Biomed Sub. Freq. Deviation of
Voice Sub. for Sub. 3

Biomed Sub. Freq. Deviation of
Voice Sub. for Sub. 4

Turned Around Upvoice
Modulation Index

Total Losses in Communication
Link

Space Loss

TLM Margin for BER Calculation

1-51

Computer

Mnemonic

DVB

DVBDB

DVF

DVFDB

DVSF

DVSFDB

DXE

DXEDB

ELLELL

ENIF
FREDEV

FREDEV

FREDEV

FREDEV

GAMM

LDB

LSDB
MGTBER

Block(s)
Used
22

22
25
25
24
24
29
29
8-, 131721,
23,24,28,33,35

9
30-32

30-32

30-32

30-32

3,9,10,13,14,23

1

11-14,16,17,19,
20



CAMSIM

Parameter

Pc(db)

®
IF

Description
Carrier Power

Carrier Power

Noise Spectral Density

Modulation Level Relative
Channel One - Channel 1

Modulation Level Relative
Channel One - Channel 2

Modulation Level Relative
Channel One - Channel 3

Modulation Level Relative
Channel One - Channel 4

Modulation Level Relative
Channel One - Channel 5

Modulation Level Relative
Channel One - Channel 6

Modulation Level Relative
Channel One - Channel 7

Modulation Level Relative
Channel One - Channel 8

Slant Range Between Spacecraft

and Ground Station

Upvoice SNR for Above FM Thresh

in Post BW

Upvoice SNR for Above FM Thresh

in Post BW

Received Signal Level

Received Signal Level
Received Signal Level

Transmitted Power

1-52

to

to

to

to

to

to

to

to

Computer

Mnemonic

PC
PCDB

PHIF

RATIO

RATIO

RATIO

RATIO

RATIO

RATIO

RATIO

RATIO

RNM

SNVOP

SNVOPB

SR

SRDB

SRDBM
STDB

Block(s)
Used

2-6
2-4

5-7,10,11,13,14,
17,21,23,26,28,
33599

30

30

30

30

30

30

30

30

22

22

1-4,7,10,11,13,
14,17,21,23,26,
28,33,35

1

1

1



COMSIM
Parame

T

BER

MARbuv

MAR (d
c
MARsck

MAR 41 (

MARStd

MARSCt

MARspt

MARbus

MARSct

ter

4(db)

b)

(db)

db)
(db)

4(db)

ber
¢(db)

ber

Description

Effective System Noise
Temperature

Turned Around Thermal Noise
Modulation Index

Probability of Bit Error Rate

Back-up Voice Margin Predetec-
tion BW

Carrier Margin in Loop BW

Emergency Key Margin in
Predetection BW

PRN Ranging Margin

PM Mode TLM Margin in
Predetection BW

Updata Margin in Postdetection
BW

Split Phase TLM Margin in
Postdetection BW

PCM TLM Margin in Predetection
BW with Voice on Carrier

FM Mode PCM TLM Margin in
Predetection BW (BER Cal)

PM Mode Voice Margin in
Predetection BW

PM Mode Voice Margin in
Predetection BW

PM Mode Voice Margin in Post-
detection BW

FM Mode Voice Margin in Post-
detection BW

FM Mode Voice Margin in Pre-
detection BW

Backup Voice Modulation Loss

1-53

Computer

Mnemonic

T

X1

BER
MGBE

MGC
MGKE

MGP

MGTE

MGTO

MGTPR

MGTSB

MGTSFR

MGVE

MGVE

MGVO

MGVOF

MGVSF

MLBV

Block(s)
Used

359510k 1385114528

20
26

28

10

13,14

74

19

17

16

21

23

22,25

25

24

26



COMSIM
Parameter

L

m/cs

Lm/dc

L

Ln/hdt

Lin/1dt

L

Lm/dpv
Lm/d]tv

Lm/EVA1
Ln/EVA
L

m/EVA3
L/EVA
L/EVA
Lm/EVA6
L

m/EVA7

L
m/EVA8

L
L
L

L

m/dk

m/dr

m/b
m/uc

m/ut

m/upv

Description

Carrier Modulation Loss with
Voice and Biomed Subcarrier

Downlink Carrier Modulation
Loss

Downlink Keying Modulation Loss

Downlink PM Mode High Bit Rate
TLM Modulation Loss

Downlink PM Mode Low Bit Rate
TLM Modulation Loss

Downlink PRN Modulation Loss

Downlink PM Mode Voice Modula-
tion Loss

Downlink Low Bit Rate TLM with
VOC Modulation Loss

EVA Modulation Loss - Channel 1
EVA Modulation Loss - Channel 2
EVA Modulation Loss - Channel 3
EVA Modulation Loss - Channel 4
EVA Modulation Loss - Channel 5
EVA Modulation Loss - Channel 6
EVA Modulation Loss - Channel 7
EVA Modulation Loss - Channel 8

HLB Modulation Loss
Uplink Carrier Modulation Loss

Uplink PM Mode TLM Modulation
Loss

Uplink PM Mode Voice Modulation
Loss

1-54

Computer

Mnemonic

MLCVBS

MLDC

MLDK
MLDPHT

MLDPLT

MLDPRN
MLDPV

MLDVLT

MLEVA

MLEVA

MLEVA

MLEVA

MLEVA

MLEVA

MLEVA

MLEVA

MLHLB
MLUC
MLUPT

MLUPV

4

13

14

10
23

1z

33

33

33

33

33

33

33

35

11

21

Block(s)

Used



CPMSIM

Parameter

Description

Noise Figure

Carrier Power

Noise Spectral Density

Downlink Biomed SNR in
detection BW - Channel

Downlink Biomed SNR in
detection BW - Channel

Downlink Biomed SNR 1in
detection BW - Channel

Downlink Biomed SNR in
detection BW - Channel

Downlink Biomed SNR in
detection BW - Channel

Downlink Biomed SNR in
detection BW - Channel

Downlink Biomed SNR in
detection BW - Channel

Downlink Biomed SNR in
detection BW - Channel

Post-

Post-
2

Post-
3

Post-
4

Post-
1

Post-
2

Post-
8

Post-
4

Back-up Voice SNR in Post-

detection BW

Back-up Voice SNR in Postdetec-

tion BW

Carrier to Noise Ratio in Loop

BW

Carrier to Noise Ratio in Loop

BW

Biomed Sub. SNR in Pred BW with

Voice on Carrier Sub 1

1-55

Computer

Mnemonic

NOISEF
PCDBM

PHIFDB

SNBD

SNBD

SNBD

SNBD

SNBDDB

SNBDDB

SNBDDB

SNBDDB

SNBE

SNBEDB

SNC

SNCDB

SNESB

Block(s)
Used

2-4

34

34

34

34

34

34

34

34

26

26

33



1-56

COMSIM Computer Block(s)
Parameter Description Mnemonic Used
(%) Biomed Sub. SNR in Pred BW with  SNESB 33
EMU2 Voice on Carrier Sub 2

(%) Biomed Sub. SNR in Pred BW SNESB 33,
EMU3 with Voice on Carrier Sub 3

(%) Biomed Sub. SNR in Pred BW SNESB 33
EMU4 with Voice on Carrier Sub 4

(%) Biomed Sub. SNR in Pred BW SNESB 33
EMU5 with Voice on Carrier Sub 5

(ﬁ) Biomed Sub. SNR in Pred BW SNESB 33
EMU6 with Voice on Carrier Sub 6

(%) Biomed Sub. SNR in Pred BW SNESB 33
EMU7 with Voice on Carrier Sub 7

(%) Biomed Sub. SNR in Pred BW SNESB 33
EMU8 with Voice on Carrier Sub 8

(%) (db)  Biomed Sub. SNR in Pred BW SNESBB 33
EMU] with Voice on Carrier Sub 1

(%) (db) Biomed Sub. SNR in Pred BW SNESBB 33
EMU2 with Voice on Carrier Sub 2

(%) (db) Biomed Sub. SNR in Pred BW SNESBB 33
EMU3 with Voice on Carrier Sub 3

(%) (db) Biomed Sub. SNR in Pred BW SNESBB 33
EMU4 with Voice on Carrier Sub 4

(%) (db) Biomed Sub. SNR in Pred BW SNESBB 33
EMU5 with Voice on Carrier Sub 5

(%) (db) Biomed Sub. SNR in Pred BW SNESBB 33
EMU6 with Voice on Carrier Sub 6



COMSIM
Parameter

Description

Biomed Sub. SNR in Pred

with Voice on Carrier Sub 7

Biomed Sub. SNR in Pred BW
with Voice on Carrier Sub 8

HLB SNR 1in Predetection BW

with Voice on Carrier

HLB SNR in Predetection
with Voice on Carrier

IF SNR

IF SNR

Emergency Key SNR in Prede-

tection BW

Emergency Key SNR in Prede-

tection BW

Biomed Sub. SNR in Pred
(with Modulation) Sub 1

Biomed Sub. SNR in Pred
(with Modulation) Sub 2

Biomed Sub. SNR in Pred
(with Modulation) Sub 3

Biomed Sub. SNR in Pred
(with Modulation) Sub 4

Biomed Sub. SNR in Pred
(with Modulation) Sub 1

Biomed Sub. SNR in Pred
(with Modulation) Sub 2

BW

BW

BW

BW

BW

BW

BW

BW
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Computer

Mnemonic

SNESBB

SNESBB

SNHSB

SNHSBB

SNIF

SNIFDB

SNKE

SNKEDB

SNMM

SNMM

SNMM

SNMM

SNMMDB

SNMMDB

Block(s)
_Used
33
33
35
35

7-9,15,16,18,19,
24,27,29

7

28

28

32

32

82

32

82

32



CAMSIM Computer Block(s)

Parameter Description Mnemonic Used
(%) (db)  Biomed Sub. SNR in Pred BMW SNMMDB 32

EVA3 (with Modulation) Sub 3
(%) (db) Biomed Sub. SNR in Pred BW SNMMDB 32

EVA4 (with Modulation) Sub 4

) Biomed Sub. SNR in Pred BW SNMSF 31, 34
scb, (without Modulation) Sub 1

(%) Biomed Sub. SNR in Pred BMW SNMSF 31, 34
sch (without Modulation) Sub 2

2
(%) Biomed Sub. SNR in Pred BMW SNMSF 31, 34
- scb3 (without Modulation) Sub 3
(%) Biomed Sub. SNR in Pred BW SNMSF 31, 34
,scb4 (without Modulation) Sub 4
(%) (db)  Biomed Sub. SNR in Pred BMW SNMSFB 31
scb] (without Modulation) Sub 1
(%) (db)  Biomed Sub. SNR in Pred BMW SNMSFB 31
scb, (without Modulation) Sub 2
(%) (db)  Biomed Sub. SNR in Pred BW SNMSFB 31
scb3 (without Modulation) Sub 3
(ﬁ) (db)  Biomed Sub. SNR in Pred BW SNMSFB 31
scb4 (without Modulation) Sub 4
(ﬁ) PRN Ranging SNR SNP 10
d1
(%) (db) PRN Ranging SNR SNPDB 10
d1
(%) Playback Voice SNR in Post- SNPBY 27
pbv detection BW
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CPMSIM
Parameter

Description

Playback Voice SNR in Post-
detection BW

PM Mode TLM SNR in Predetec-
tion BW

PM Mode TLM SNR in Predetec-
tion BW

PM Mode TLM SNR in Predetec-
tion BW

PM Mode TLM SNR in Predetec-
tion BW

FM Mode PCM TLM SNR in Pre-
detection BW (BER Cal)

FM Mode PCM TLM SNR in Pre-
detection BW (BER Cal)

PM Mode TLM SNR in Postdetec
tion BW

PM Mode TLM SNR in Postdetec
tion BW

Split Phase TLM SNR in Post-
detection BW

Split Phase TLM SNR in Post-
detection BW

Split Phase TLM SNR in Post-
detection BW (BER Cal)

Split Phase TLM SNR in Postde-

tection BW (BER Cal)

PCM TLM SNR in Predetection BW

with Voice on Carrier
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Computer

Mnemonic

SNPBVB

SNTE

SNTE

SNTEDB

SNTEDB

SNTFR

SNTFRB

SNTO

SNTODB

SNTP

SNTPDB

SNTPR

SNTPRB

SNTSB

Block(s)

Used

27

11, 12

13, 14

1

13, 14

16

16

12

2

18

18

19

19

17



COMSIM
Parameter

Description

PCM TLM SNR in Predetection BW
with Voice on Carrier

FM Mode PCM TLM SNR in Pre-
detection BW

FM Mode PCM TLM SNR in Pre-
detection BW

PM Mode Voice SNR in Predetec-
tion BW

PM Mode Voice SNR 1in Predetec-
tion BW

PM Mode Voice SNR in Predetec-
tion BW

PM Mode Voice SNR in Predetec-
tion BW

Upvoice SNR in Postdetection
BW

Upvoice SNR in Postdetection
BW

PM and FM Mode Voice SNR in
Postdetection BW

PM and FM Mode Voice SNR 1in
Postdetection BW

FM Mode Voice SNR in Predetec-
tion BW

FM Mode Voice SNR in Predetec-
tion BW

Television SNR in Postdetec-
tion BW

Television SNR in Postdetec-
tion BW
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Computer

Mnemonic

SNTSBB

SNTSF

SNTSFB

SNVE

SNVE

SNVEDB

SNVEDB

SNVO

SNVODB

SNVOF

SNVOFB

SNVSF

SNVSFB

SNXE

SNXEDB

Block(s)

Used

17

15

15

21, 22

23

21

23

22

22

25

25

23-25, 31, 32

24

29

29



1.3 LINK SIMULATIONS

Having defined the CPMSIM blocks and identified each parameter
within each block, we are now prepared to describe the various Apollo
S-band communication links as sequences of the CPMSIM blocks.

We establish the following convention concerning the CAMSIM para-
meter which is to be varied for each simulation. For block sequences of
the form 1,...,n or 9,1,...,n, range (in nautical miles) is the independent
variable. For all other block sequences, received signal level (in dbm)
is the independent variable.

We 1ist below each of the Apollo S-band communication 1inks and
their corresponding CPMSIM block sequence where range is the independent
variable. To obtain the CPMSIM block sequence for which received signal
level is the independent variable, simply omit the sequence prefix 1, or
g,1.
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1.3.17 CPMSIM Block Sequences

Mode Block Sequence
CSM/PM/UpTink

CSM/PM/1/E 1, 2, 6, 7, 8, 5

CSM/PM/1/S ls 23 65 75 85 5

CSM/PM/2/E 1, 2, 6y %, 8s 55 2l

CSM/PM/2/S 1, 2, 6, 7, 8, 5, 21, 22

CSM/PM/3/E lg 25 65 Vg 8 11y B

CSM/PM/3/S 1, 2,6,7,8, 11, 5, 12

CSM/PM/4/E 1, 2, 6, 7, 8, 5, 21

CSM/PM/4/S lg 25 B5 75 85 5y 215 22

CSM/PM/5/E s 2, 6y 7 & Tly 5

CSM/PM/5/S ly 2y 65 %y By 11y 5y 12

CSM/PM/6/E ls 25 65 75 85 11y 65 21

CSM/PM/6/S I, & 65 Ty 8, 115 5y 2l @2, 12

CSM/PM/7/E ly 245 65 75 85 15 55 21

CSM/PM/7/S ls 25 65 75 85 11 55 21 285 12

CSM/PM/8/E 1, 2, 6, 7, 8, 5, 21

CSM/PM/8/S ls 25 By 75 B 55 215 22

CSM/PM/Down1ink

CSM/PM/1/E lg 35 65 75 8 13; 55 285 20

CSM/PM/1/S ls 85 6 75 8 135 5, 23, 205 [25

CSM/PM/1/EN PRN 9,1, 3,6, 7, 8, 13, 5, 23, 20

CSM/PM/1/SN PRN gé 1; 35 6, 75 85 13, 55 235 20},

CSM/PM/2/E 26 Iz 85 65 ds 85 135 0 5 285

CSM/PM/2/S 9, Iy 3 6, 7s 8s 13, 10, 5, 123l
205 25

CSM/PM/3/E 9, 1, 3, 6, 7, 8, 14, 10, 5, 23,
20

CSM/PM/3/S 9,1, 3, 6, 7, 8, 14, 10, 5, 23,
20, 25

CSM/PM/4/E 1, 3, 6,7, 8, 14, 5, 23, 20

CSM/PM/4/S 1, 3, 6,7, 8, 14, 5, 23, 20, 25

CSM/PM/5 ls 35 65 75 85 15 20i; 5



Mode

Block Sequence

CSM/PM/6
CSM/PM/7
CSM/PM/8
CSM/PM/9
CSM/PM/10

LM/PM/1/E
LM/PM/1/S
LM/PM/2/E
LM/PM/2/S
LM/PM/3/E
LM/PM/3/S
LM/PM/4/E
LM/PM/4/S
LM/PM/5/E
LM/PM/5/S
LM/PM/6/E
LM/PM/6/S
LM/PM/7/E
LM/PM/7/S
LM/PM/8/E
LM/PM/8/S

LM/PM/1/E
LM/PM/1/S
LM/PM/2/E
LM/PM/2/S

LM/PM/3
LM/PM/4

CSM/PM/Downlink (Continued)

s 15 B85 By 28

6 5

3, 6y 75 18 10, 8

6s 75 85 55 26, 17, 20
3, 6,7, 8

6y I3 85 15

? 2

-
»

, 14, 20, 10, 5
, 26

1, 3
9, 1
1, 4
9. 1., 38 €y 4
1, 4, 6,

b H

LM/PM/UpT4ink
2,

»

-
3

9 b

")

-
[S2 NN S 2 BN S 2 BN S 3
-
nNo
—

»

b ?

w
-

-
p—
—

-
()]

-
-

9

-

-
—
—

"
()]

-
j—
nNo

w

2 9

-
(6a]

»
~N
—

b 9

6
6
6
6
6
6
6
6
6,
6
6
6
6
6
6
6

“
—_
—_

-

-
-

»
-—
—

-

» 12
s 21
21, 22, 12
5 1l
5 25 225 12

-

-
—_
—

-

b 9

-

-
—_
—

)

b b

-
—_
—_
“

oy oo O O O
-

")
—
—_

-

b 3

»

-
(&)

-
~nNo
—

—_ e e e e el et o) ed e el ed e ) et
-
00 00 0O 0 00 0O 0O 0 O O 0O 0 O 00 0 o
(8]
-
N
—
N
N

NN N N N N N N N N N N N N N
-

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

-
o

-
~No
—

-
Ny
nNo

(%)

9 s

“

LM/PM/Downlink

I, 35 63 75 8y 185 205 55 235 SO0™,;
31, 32

ls 3, 65, 7, 8, 13, 20, 5. 23, 30%,
25, 31, 32, 34

9. Ny 85 65 758y 18 205 10 -5l
23, S0%,; 8, 82

g, i, B, 65 7 B 135 205 N0 55
23, 25, 30%; 31, 82; 34

1, 3, 6,7, 8,5, 14, 20
1, 4, 6,7, 8, 5, 26, 17, 20
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Mode

Block Sequence

LM/PM/Downlink (Continued)

LM/PM/5 14 4, 65 7, 8, 5, 26

LM/PM/6 1, 3, 6, 7, 8, 5, 28

LM/PM/7/E 1, 3, 6, 7, 8, 14, 20, 5, 23, 30*,
31, 32

LM/PM/7/S 1, 3, 6, 7, 8, 14, 20, 5, 23, 30*,
31, 25, 32, 34

LM/PM/8 1, 4, 6, 7, 8, 17, 20, 5, 26, 35,
30*, 33

CSM/FM/Downlink

CSM/FM/1/E 1, 6, 7, 8, 27, 15, 16, 20

CSM/FM/1/S 1, 6, 7, 8, 27, 15, 16, 20

CSM/MM/2/E 1, 6, 7, 8, 27, 15, 16, 20

CSM/FM/2/S 1, 6, 7, 8, 27, 15, 16, 20

CSM/FM/3 1, 6, 7, 8, 18, 19, 20

CSM/FM/4 1, 6, 7, 8, 29

LM/FM/Down11nk

LM/FM/9A/E 1, 6, 7, 8, 24, 15, 16, 20, 30*,
31, 32

LM/FM/9A/S 1, 6, 7, 8, 24, 15, 16, 20, 30%*,
31, 25, 32, 34

LM/FM/9B/E 1, 6, 7, 8, 24, 15, 16, 20, 30*,
31, 32

LM/FM/9B/S 1, 6, 7, 8, 24, 15, 16, 20, 30%*,
31, 25, 32, 34

LM/FM/10A/E 1, 6, 7, 8, 24, 15, 16, 20, 30%*,
31, 29, 32

LM/FM/T0A/S 1, 6, 7, 8, 24, 15, 16, 20, 30%,
31, 29, 25, 32, 34

LM/FM/10B/E 1, 6, 7, 8, 24, 15, 16, 20, 30%,
31, 29, 32

LM/FM/10B/S 1, 6, 7, 8, 24, 15, 16, 20, 30%*,
31, 29, 25, 32, 34

* Block 30 is optional in this sequence. Use block 30 if BEVAi and AfEVAi

are both to be calculated. If block 30 is omitted, both these parameters
must be input.
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1.3.2 CQPMSIM Block Inputs

Each of the thirty-five functioning C@MSIM blocks requires certain
specified parameters as input. If these parameters are not specified, or
if they are inconsistent, a computational error may occur and this will
generate an error walkback. To aid the user in establishing the proper
input for each CPMSIM block sequence we Tist below the downlink input para-
meters required for each of the CPMSIM blocks. For the uplink case, add
one to each of the indicated parameter numbers.

In addition to the parameter numbers indicated below, the slant range
increment (parameter No. 123) or received signal level increment (parameter
No. 125) must be input depending upon whether the independent variable is
range or received signal level, respectively. If the finite transmitted
SNR calculation is to be used, the parameters 249 and 251 must also be input.

Block No. Input Parameter No.

11 123, 137, 155%, 157*, 159*, 165*, 253, 429

23 193*, 197%; 199%, 201>

3t 193*, 195%, 199*, 201*, 301*, 303*, 399*,

445

47 183*, 185*, 189*, 191*, 193*, 199*, 22]

5 15, 205*

6% 1y 8% 161

7% 43

81 -

9% 43, 77, 197*, 199*%, 2071*, 259

10 75, 193*, 199*, 201*, 227*

11 79, 193*, 197*, 199*, 201*, 229*

12 795 188 1315 145 217, 231

13 79, 193*, 199, 201*, 229*

14 79, 193*, 199, 201*, 229*

15 43, 81, 97, 111, 131, 141

16 43, 81, 97, 111, 131, 141, 237*%
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Block No. Input Parameter No.

17 79, 183%, 185%, 189%, 191%, 193%, 199, 221,
235+

18 59, 85, 87, 133, 143, 219

19 59, 85, 87, 133, 143, 219, 233*

20t --

21 89, 193*, 197%, 199*%, 201, 239*

22 89, 93, 127, 149, 221, 241*

23 89, 193*, 199%, 201, 239*

24 43, 91, 99, 113, 127, 147, 245*

25 47, 91, 95, 127, 151, 221, 243*

26 13, 183%, 185, 189%, 191%, 193*, 199%, 203*,
221

27 57, 71, 73, 129, 139, 215

28 45, 193*%, 195, 225*

29 43, 61, 101, 135, 153, 223

30 103, 105, 107, 109, 167, 169, 171, 173, 175,

177, 179, 181, 183, 187, 247, 255, 257

31 49, 51, 53, 55, 63, 65, 67, 69, 91, 103, 105,
107, 109, 127, 391+, 393+, 395+, 397+

32 49, 51, 53, 55, 63, 65, 67, 69, 91, 103, 105,
107, 109, 127, 183, 391+, 393+, 395+, 397+

33 ébs 2l'y 295 Sls 835 85 375 895 1835 T85> 189
198*; 199*, 221; 305%; 307%, 309, 311Fs 313%;
315+, 317+, 319+

34 5, 7s 95 11, 175 19; 215 235 685 65; 67 69,
115, 117, 119, 121, 163, 183, 207, 209, 211,
213

35 41, 183*, 185*, 189*, 191, 193*, 199, 221

*  This parameter may be equal to zero.
+ This parameter may be omitted when Block 30 is used.
¥ This block may not be followed by the finite transmitted SNR calculation.
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2. INPUT

By a data deck we shall mean all of the Hollerith cards, in their
proper sequence, which the user is required to submit for any particular
computer run, exclusive of machine control cards. The CPMSIM data deck
is divided into two parts. The first part of the CPMSIM data deck consists
of parameter description cards which annotate the C@MSIM parameters for
output listings. The second part of the C@PMSIM data deck consists of one
or more problem sets. Each CPMSIM problem set consists of one or more
problems; the problems within a particular problem set are usually related
in that they have similar input requirements, though this is not neces-
sary. Each CPMSIM problem consists of one or two Tink specification
cards which describe a downlink and/or uplink block sequence, zero or

more parameter definition cards which define values of any of the input
or interm parameters and zero or more sets of report specification data,

which describe the report(s), if any, to be printed for this particular
COMSIM problem. Figure 2-1 illustrates the C@MSIM data deck.

Since the first part of the CPMSIM data deck, the parameter de-
scription cards, will rarely, if ever, be altered, a standard deck of
parameter description cards has been prepared and placed on the program
PCF tape. The user may call for this standard deck simply by replacing
the first part of the C@MSIM data deck by a single card containing the
symbols "VAE@F" (vindicates a 7/8 punch in card column one; A indicates
one or more blank columns); otherwise the program expects parameter de-
scription cards to be input by the user. Retrieving and altering or
replacing this standard deck of parameter description cards is accomplished
by means of two utility programs described in the Appendix.

2.1 DETAILED DESCRIPTION OF PARAMETER DESCRIPTION CARDS

One parameter description card corresponds to precisely two C@MSIM
parameter numbers (one downlink and one uplink). The number of parameter
description cards input by the user is optional; each parameter description
card, however, must have the following format:
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Field

(card columns) Contents
1- 6 Computer mnemonic for parameter being
described (left justified)
8 - 10 Downlink parameter number for parameter
being described (right justified)
12 - 72 Description of parameter (left justified)
74 - 80 Units, if any, of parameter being described

(Teft justified)

Not every CPMSIM parameter need have a parameter description card;
those for which no parameter description card is provided will simply
have blank annotation in the output Tisting. If more than one parameter
description card is provided for the same C@MSIM parameter, the last
card entered (i.e. the card closest to the end of the data deck) will be
the card used for annotation. The parameter description cards must be
terminated by an end card, i.e. by a card with the symbols "$END" in
columns two through five. In the event that the user chooses to call for
the standard deck of parameter description cards from the program PCF
tape, this end card is optional. In this latter case, the "VAE@PF" card
must be, physically, the first card of the COMSIM data deck; the "VAE@F"
card simply replaces the entire deck of parameter description cards.

2.2 DETAILED DESCRIPTION OF C@MSIM PROBLEM SETS

Following the end card which terminates the parameter description card
deck, comes one or more problem sets. The first cards of each problem

set must be a FPRTRAN namelist $PRBSET. The symbols "$PRBSET" must

appear in columns two through eight of the first problem set card. Certain
problem set inputs (as described below) may then be entered in any order,
beginning in any column (except column one) in the form PARAMT=xxxxx,
PARAM2=xxxxX,... The only restrictions are that no punch ever appear in
column one and that no number be split between two data cards. This
namelist must be terminated by an end card.

Three problem set inputs may be entered via the $PRBSET namelist.
Each of these inputs has the value entered for it; if no value is entered
a certain value is assumed as indicated below.
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Input Description

DATAPE Data tape ID number (1,2,...). Indicates
the FPRTRAN unit number on which the data
tape is to be mounted.

DATAPE is initialized to 8.

NPRPBS Number of problems in this problem set

(75250001 2
NPRPBS is initialized to 1.

SAVE Save factor. Upon entering this problem
set, all parameters from the preceding
problem set are multiplied by the value
of SAVE.
SAVE=0.0 indicates that all para-
meters are to be initialized to
zero.
SAVE=1.0 indicates that all para-
meters are to be retained from the
previous problem set.

SAVE is initialized to 0.0.

2.2.1 Detailed Description of CPMSIM Problems

Following the namelist $PRBSET comes the number of problems
specified by NPRPBS. The first cards of each problem must be a FPRTRAN
namelist $PRBSPC. As usual, this namelist must be terminated by an end
card.

Six problem specification inputs may be entered via the $PRBSPC
namelist. Each of these inputs has the value entered for it; if no value
is entered a certain value is assumed as indicated below.

Input Description

IPRINT Optional print indicator flag (0,1)
0 indicates no optional print is
desired.

1 indicates optional print output of
Bessel functions is desired.
IPRINT is initialized to O.

LINKS Number of links involved in simulation
(1,2). Possibilities are: Downlink only
(1), uplink only (1) or uplink and down-
Tink (2).
LINKS is initialized to 1.



NLINES

NLISTS

NPAGES

Description

File on the data tape which contains
previously generated results (1,2,...).
NFILE is interrogated only if NLISTS o 10,
NFILE must be reinitialized by the user
whenever DATAPE has been changed.

Number of lines desired per page, per out-
put report (1,2,...). A total of NLINES *
NPAGES computational points will be
processed.

NLINES is initialized to 1.

Number of output reports desired (0, *1,
t2,...). If NLISTS < 0, NLISTS number of
reports will be generated from file number
NFILE of a previously generated data tape.
NLISTS is initialized to 1.

Number of pages desired per output report
(1,2,...). A total of NLINES * NPAGES
computational points will be processed.
NPAGES is initialized to 1.

2.2.2 Detailed Description of COMSIM Link Specification Cards

Following the end card which terminates the namelist $PRBSPC, one
or two link specification cards, as indicated by LINKS, must appear. These

cards describe the downlink and/or uplink block sequences for this particular
CAMSIM problem. The format of the link specification card is given below.

Field
(card column)

1-18
20

22 - 80

Contents
Title, identifying 1ink (left justified)

Down/up Tink indicator. The symbol "1" in
this column indicates that this card refers
to the downlink simulation. The symbol "2"
in this column indicates that this card
refers to the uplink simulation.

Block sequence desired for this link. If the
leading block number has two digits, then it
begins in column 22, otherwise the leading
block number begins in column 23. Each block
number must be followed by either one or two
blank columns (depending upon whether the
following block number has two or one digits,
respectively) or the symbol "-". If a block
number is followed by the symbol "-", the
output of the following block (i.e. the

block which is preceded by "-" is applied

to the finite transmitted SNR block.
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2.2.3 Detailed Description of COMSIM Parameter Definition Cards

Following the 1ink specification card(s) is zero or more parameter
definition cards. The format of each parameter definition card is given
below. An end card must follow the last parameter definition card.

Field
(card columns) Contents
8 - 10 COMSIM parameter number
13 - 28 Value for indicated parameter in either

"floating point" form (i.e. XXX.XXXXX)

or in "E" notation (i.e. Xx.xxxxEtee).

In the former case the use of "." is
mandatory. In the latter case the number
must be right justified in this field.

2.2.4 Detailed Description of CPMSIM Report Specification Data

If NLISTS # O, |NLISTS| number of report specification data sets
must follow the end card which terminates the CPMSIM parameter definition
data. Each report specification data set is a namelist, $REPSPC, which
is described below.

Input Description
LISTID Report type indicator flag (1,...,5).

Indicates which one of the five report
types to output. LISTID is initialized
to 5.

NVAR(1),...,NVAR(8) COMSIM parameter numbers to be output
for report type number five (1,...,800).
NVAR is not initialized. .

START Minimum value of the independent variable
to be output in the report.
START is initialized to 0.0.

ST@P Maximum value of the independent variable
to be output in the report. If ST@P =
START, all values of the independent
variable generated in the simulation for
this problem will be output.
STPP is initialized to 0.0.
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2.3 SUMMARY OF C@MSIM DATA DECK INPUT

The modularity and "nesting" of the CPMSIM data deck provides the
user with great flexibility in setting up communication link simulations.
Link simulations which differ only in that a few input parameters are
changed or that different output reports are desired may be run as dif-
ferent problems within the same problem set, allowing parameter values to
be carried over from simulation to simulation. Simulations of a completely
different nature may be run as separate problem sets, setting the save
factor, SAVE, to zero in the second problem set, thereby resetting all
parameters to zero. Also, a previously generated data tape can be
mounted on a specified unit, allowing the user to generate reports from
this older data tape in one problem set, then switching tape units and
generating a new data tape in a second problem set.

Figure 2-1 illustrates the general deck setup for the C@OMSIM data
deck.
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$PRBSET

ADDITIONAL PROBLEM SETS

$PRBSPC

$REPSPC

ADDITIONAL PROBLEMS

REPORT SPECIFICATION DATA

PARAMETER DEFINITION DATA

$PRBSPC
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CAMSIM Data Deck

Figure 2-1.






3. OUTPUT

Data output for this program is in the form of standard and optional
printed output and data tape output. Refer to §4.2 for sample printed output.

3.1 DETAILED DESCRIPTION OF PRINTED OUTPUT

The CPMSIM printed output is cyclic, each cycle being identical in
format, one for each problem set. Each cycle begins with a listing of the
problem set data for that particular problem set. This listing is followed
by a sequence of identically formatted printed outputs, one for each problem
within this particular problem set. Each sub-cycle of identically formatted
printed output begins with a 1isting of the problem description and Tink
specification data for that particular problem. Immediately following the
link specification data each of the input and interm parameters, as input by
the user (or saved from the preceding problem set), is Tisted with its de-
scription, computer mnemonic and parameter numbers; we refer to this listing
as the input parameter listing. The input parameter listing terminates, for

this problem, that portion of the printed output which simply 1ists user input.

Following the input parameter 1listing, for any given problem,

INLISTS| number of C@MSIM reports will follow. Each report is preceded

by the report specification data which defines that particular report.
There are five report types available. Report types one through four list
certain specified COMSIM parameters as indicated below. Report type five
Tists up to eight CPMSIM parameters as indicated by the user. A1l re-
ports list values of CPMSIM parameters versus values of the independent
variable (either range or received signal level). '

Following the C@MSIM reports or the input parameter listing (if no
reports are printed) is the output parameter listing, i.e. a listing of

each interm and output parameter with its description, computer mnemonic,
parameter numbers and the value it has at the last value of the independent
variable.

If the optional print indicator flag is on, i.e. IPRINT=1, the out-
put namelist BJSCON will be printed following the output parameter Tisting.
This namelist prints the values of all Bessel functions computed for this
particular problem. A complete description of this namelist is given below.
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3.1.1 Detailed Description of Report Type One

Column

~NOoOY O RN~

Parameter

Received Power

PRN Margin

Voice SNR

Telemetry SNR

Bit Error Rate

Voice — Postdetection SNR
Telemetry — Postdetection SNR

3.1.2 Detailed Description of Report Type Two

Column

W 00 N O O & W Ny~

Parameter

Received Power

PRN Margin

Backup Voice SNR

Telemetry SNR

Bit Error Rate

Hardline SNR/EVA SNR Channel 4

EVA SNR Channel 1/EVA SNR Channel 5
EVA SNR Channel 2/EVA SNR Channel 6
EVA SNR Channel 3/EVA SNR Channel 7

3.1.3 Detailed Description of Report Type Three

Column

1
2

(o2 TN 6 2 B N OS]

Parameter

Received Power

FM Voice SNR Predetection/FM Voice SNR
Postdetection

FM Telemetry SNR
FM Television SNR
Bit Error Rate

FM EVA Biomed SNR Predetection Channel
1/Channel 3

FM EVA Biomed SNR Predetection Channel
2/Channel 4

FM EVA Biomed SNR Postdetection Channel
1/Channel 3

3-2

Unit

DBM
DB
DB
DB

DB
DB

Unit

DBM
DB
DB
DB

DB/DB
DB/DB
DB/DB
DB/DB

DB/DB
DB/DB

DB/DB



Column

FM EVA Biomed SNR Postdetection Channel
2/Channel 4

Parameter

3.1.4 Detailed Description of Report Type Four

Column

1
2

Received Power
Keying SNR
Keying Margin

Parameter

3.1.5 Detailed Description of the Namelist BJSC@ON

Entry

( )
BJ(2,1,1)
( )

)

BJ(3,2,2)
BJ(1,1,3)
BJ(2,1,3)
BJ(3,1,3)
BJ(1,2,3)
BJ(2,2,3)
BJ(3,2,3)

3-3

Bessel Function

Unit

DBM
DB
DB



Entry Bessel Function

BJBET(1) Jol8)
BJBET(2) J;(8)
BJBET(3) J,(8)
BJGAM(1) Jolv)
BJGAM(2) Jy(v)
BJGAM(3) Jolv)
BJXI(1) Jole)
BJXI(2) J;(¢)
BJXI(3) J,(2)
BJPE(1,1) Jo(Bemy)
BJPE(2,1) J; (Bppmy)
BJPE(1,2) JolBemy)
BJPE(2,2) 1 (Bey)
BJPH(1,1) Jg(By )
BJPH(2,1) J1(8y )
BJPH(1,2) Jo By g)
BIPH(2,2) 34 (8 p)
BJPK(1,1) UNC
BIPK(2,1) I1(Be ey
BJPK(1,2) Jo(Bec)
BJPK(2,2) J7 (B )
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Entry
BJEVA(1,1,1)

BJEVA(2,1,1)
BJEVA(1,2,1)
BJEVA(2,2,1)
BJEVA(1,1,2)
BJEVA(2,1,2)
BJEVA(1,2,2)
BJEVA(2,2,2)
BJEVA(1,1,3)
BJEVA(2,1,3)
BJEVA(1,2,3)
BJEVA(2,2,3)
BJEVA(1,1,4)
BJEVA(2,1,4)
BJEVA(1,2,4)
BJEVA(2,2,4)
BJEVA(1,1,5)
BJEVA(2,1,5)
BJEVA(1,2,5)

BJEVA(2,2,5)

Bessel Function

JO(BEVA])

Jl(BEVA1)
J

O(BEVA])

I1(Eeyp )

Jn(8 )
0'"EVA,

J. (8 )
1'PEVA,

Jn(8 )
0'"EVA,

J. (8 )
1'°EVA,

J. (8 )
0 "EVA,

J, (8 )
1'7EVA,

Jn(8 )
0'"EVA,

J, (B )
1°"EVA,

J~ (B )
0'"EVA,

J. (g )
1'"EVA,

J~(B )
0'"EVA,

J,(8 )
1'°EVA,

JO(BEVAS)

J, (8 )
1'"EVA,

JO(BEVAS)

J1(BEVA5)



Entry Bessel Function

BJEVA(1,1,6) JO(BEVAB)
BJEVA(2,1,6) J](BEVAG)
BJEVA(1,2,6) Jo(BEVA6)
BJEVA(2,2,6) J](BEVAG)
BJEVA(1,1,7) JO(BEVA7)
BJEVA(2,1,7) J](BEVA7)
BJEVA(1,2,7) JO(BEvA7)
BJEVA(2,2,7) J](BEVA7)
BJEVA(1,1,8) JO(BEVAg)
BJEVA(2,1,8) J](BEVAB)
BJEVA(1,2,8) JO(BEVAs)
BJEVA(2,2,8) J1(BEVA8)

3.2 DETAILED DESCRIPTION OF DATA TAPE OUTPUT

Precisely one file is written on a data tape for each C@MSIM problem.
No distinction is made between problem sets on the data tape; problems
appear successively on the data tape, regardless of the problem set in
which they were computed. If more than one data tape is generated during
a particular computer run, files appear consecutively on the data tape to
which they are directed, i.e. the data tapes are not rewound between prob-
lem sets; furthermore, only the most recently used data tape will be re-
wound at the completion of the computer run.

Each file on a data tape, corresponding to one COMSIM problem, con-
sists of a variable number of records, the number of records being equal
to the number of values the independent variable assumed during the
simulation.



Each record on a data tape consists of 801 words. The first 800
words corresponding to the 800 CPMSIM parameter numbers and word 801 being
an integer representing the number of records in the file which contains
this particular record.

3-7






4. SAMPLE CASE

We include here a sample computer run so as to demonstrate program
capabilities and options. Since this program is designed to use the TRWPLT
General Plotting Program we have included plot input cards and output with
this sample case.

4.1 AN EXAMPLE

Suppose we wish to simulate the following Apollo S-band communica-
tion modes: CSM/PM/6/S, CSM/PM/8, LM/FM/9B/S. Because of the similarity
between the first two modes we decide to include them as two 1links within
one problem set. Since the third mode is completely different we include
it in a second problem set. From Section 1.3.1 we determine the proper
block sequence for each mode. In the third case we decide to perform
simulations with range as the independent variable and then again with
received signal level as the independent variable. For certain of these
blocks we have the option of performing an additional calculation for
finite transmitted SNR. After determining the proper block sequence we
refer to Section 1.3.2 to determine the input parameters required for each
COMSIM problem. Finally, we prepare the coding forms as illustrated below
and submit the computer run.
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4.2 SAMPLE CODING FORMS
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5. OPERATING PROCEDURES

This program is written in FORTRAN V for use with the SRU 1108 EXEC
IT system. Presently this program is in production only for the 1108
system. No input tapes are required by this program in addition to the
standard input tape required by the 1108 system, however, previously
generated COMSIM data tapes may be used as input to the program. A standard
deck of COMSIM parameter description cards is included on the second file
of the program PCF tape and may be called by the user. For this reason
the PCF tape must be mounted on unit "X" (FORTRAN ID No. 27) and must be
positioned at the beginning of the second file at the time CPMSIM is first
executed. Care must be taken when copying the program PCF tape so as not
to lose this data.

The CPMSIM program requires the use of at least one output tape.
If no tape assignments are made, drum files will be used and the user must
indicate this on his run request form. Drum files may be used when the
user does not desire any plot output (since drum files are lost between
program executions) and when he does not wish to save a C@PMSIM data tape.
The user must be careful not to exceed the drum file length. The drum
file is large enough to store approximately 150 COMSIM records; these may
be split up between problem sets or problems, but in fofo the number of
COMSIM records must not exceed approximately 150.

If tape assignments are made without the use of "=", FASTRAND files
will be used for the output tape and the user must indicate this on his
run request form. FASTRAND files may be used when the user desires plot
output but does not wish to save a COMSIM data tape. FASTRAND files are
of variable length, the length of each file depending on the number of
FASTRAND files used; FASTRAND files are large enough so that the user need
not, in general, worry about exceeding the file length.

If tape assignments are made with the use of "=", an actual output
tape will be generated and may be saved by the user. Tape may be used in
lieu of drum files and FASTRAND files and must be used when the user desires
to save a C@AMSIM data tape.
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5.1 DECK SETUP — NO PLOT OUTPUT DESIRED, NO DATA TAPE SAVED

o
c

]
$J0B etc.

VAASGAX=(PCF tape number)
VAXQTACUR+

ATRWAX

ATNAX

VAXQTAHVO08C

CPAMSIM data deck

VAEQF
5.2 DECK SETUP — PLOT OUTPUT DESIRED, NO DATA TAPE SAVED

C
€

]
$J0B etc.

VAASGAX=(PCF tape number)
VAASGAF

vAXQTACUR+

ATRWAX

ATNAX

vAXQTAHV008C

C@AMSIM data deck

VAXQTATRWPLT

plot data

VAEQF
5.3 DECK SETUP — DATA TAPE SAVED

C
C

1

$J0B etc.

VAASGAX=(PCF tape number)
VAASGAF=SAVEF

VAXQTACUR +

ATRWAF

ATRWAX

AINAX

+ The following CUR operations must be followed precisely.
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— 00

VAXQTAHVO08C

CPMSIM data deck

VAEDPF
5.4 COMPUTER RUN REQUEST

In submitting the card deck for a computer run, the run time may be
estimated at approximately thirty seconds per CPMSIM problem and the print
output may be estimated at approximately 25 pages per COMSIM problem. If
plots are generated, the microfilm or calcomp output estimate depends
upon the number of plots generated in the plotting program.
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5.4.1

Sample Run Requ

est Form

[]

INSTRUCTIONS FOR SCIENTIFIC COMPUTER RUNS

TIME IN

PRIORITY
RERUN [ i (DO MOT HILL 1N SHADED AREAS)
PROGRAMMER BADGE NG BOX NO. | PHONE MO . | DATE (M D, Y
Argila, C. A. 57659 TRW [2503 8/1/68
DIVISION CODE | PROG. MO, PROJ, NO. EST. TIME (MINT  [MAX, TIME (MIN)| LINES OUTPUT [ SEGH. PUMAER | !
TRW | AO25 11358 1 2 1
OPERATING SYSTEM . TYPE OF RUH COMPUTER
108 FORTRAN v X] FORTRAN FAP D PROD., E] TEST @ nee [ X w0 [ ]
g rortran v ] 1BSYS D syse D mmmw m@w; 7094 E]
1108 COBOL ] OTHER QIRER
INPUT TAPES OUTPUT TAPES
UNIT REEL BIM NO -DE_N_— _UN[‘[ i . ‘n!{‘?‘jd, E!ET':_ SATE PRR?(SES’;LEG
X 5938 |A235 | 8
e o
|  S—
(i
| | |
=—=5p | i
B +
18 | |
| WORKING TAPES il
f

CHECK

FO¥

REEL NO.

CALCOMP D
4020 &

PROCESSITGS

| ABNORMAL STOPS

PO

A PROBLEM

w
—_

PROGRAM
NamE

A TOTAL
TAPES

(MNPUT
(100'S CARD)

ouTut
{100's Lires)

N | O | —

£XCESS DUTRUT

{190°5 CakDs)

EXCESS TINE -

PRC GRAMMER'S COMMENTS ¢

SYSTEMS 701 1-H 7a-13-6
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APPENDIX
UTILITY PROGRAMS

The CPMSIM package contains two utility programs which reclaim and
alter the standard deck of CPMSIM parameter description cards which are
contained on the second file of the program PCF tape.

Each of the utility programs exists simultaneously with CAMSIM in
the user PCF area and hence they may be executed with, or independently of,
CAMSIM, in any order what-so-ever. The only restrictions are that the
proper control cards be inserted into the job deck as indicated below.

1.1 THE UTILITY PROGRAM, UTILT]

The utility program, UTILT1, reclaims the standard deck of C@MSIM
parameter description cards which reside on the second file of the program
PCF tape. No card input is required by UTILT1. It is assumed that the
program PCF tape is mounted on unit "X" (FORTRAN ID No. 27). Once the
program PCF tape has been entered into the user PCF area only the following
control card is necessary in order to execute UTILTT:

C
C

1
VAXQTAUTILTI

Upon termination, UTILT1 will leave the program PCF tape in position for
COMSIM execution; hence UTILT] may be executed before or after CAMSIM.
Approximately 400 cards of punch output will be generated by UTILTI.

1.2 THE UTILITY PROGRAM, UTILT2

The utility program, UTILT2, alters or replaces the standard deck of
CAMSIM parameter description cards which reside on the second file of the
program PCF tape. The FPRTRAN namelist "$INPUT" is used to input the single
parameter, IFLAG. IFLAG=1 indicates that the old parameter description card
deck is to be altered. IFLAG=2 indicates that this deck is to be replaced;
IFLAG is not initialized. The alter cards or replacement deck must follow
this namelist. No end card is necessary to terminate the alter or replace-
ment deck.
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Because, under current operating procedures, it is impossible to
write on a previously generated tape, a new program PCF tape must be gener-
ated whenever the parameter description card deck is being altered or
replaced. It is assumed that the old program PCF tape is mounted on unit
"Y" and that the new program PCF tape is mounted on unit "X". The follow-
ing control cards will generate a new program PCF tape with the altered or
replaced CPMSIM parameter description card deck.

C
c

1

VAXQTACUR
ATRWAX, Y
AERS

AINAY

APUTAX
ATEFAX
VAXQTAUTILT2

input card deck

VAEQF
Upon termination, UTILT2 will leave the new program PCF tape in position
for COMSIM execution; hence UTILT2 may be executed before or after C@MSIM.

A-2



VOLUME TIT1I

PROGRAMMER'S MANUAL






TABLE OF CONTENTS

INTRODUCTION: & & 5 3 & 4. 85 5 € 5 5 # o
THE MAIN PROGRAM, C@MSIM. . . . . . . . .
2.1 Identification. . . . . . . . .
2.2 Deck Identification . . . . . .
2.3 Purpose . . . . « . @& & & -
2.4 Description . . . . . & & & ¢ &
255 StOrege = s o 6 &« % - odi £ § 3
2.6 Subroutine Usage. . . . . . . .
2al Named CPMMPN Usage. . . . . . .
2.7.1 AE. . . . . oL
2.7.2 ANSCOM., . . . . . . . . . ...
2.7.3 BISCOM. . . . 5 s s wwimw & & »
2.7.4 INTERM: . « & & & & % @ @t & & 3
2+1.5 LISTC & & & « s s 9w & @@ & » &
2.7.6 NUMBER:: & & s % % o % % % & & &
2l o STATIG: 5 o 8 8 ¢ % % gow = = s
2.8 Local Varjables . . . . . . . .
2.8.1 Dimensioned . . . . . . . . . .
2.8.2 Undimensioned . . . . . . . . .
2.9 Equivalences. . . . . . . . ..
2.10 Namelists . . . . . . . . . . .
2.11 Flow Chart. . . . . . . . . ..

SUBROUTINE BESJ

-------------

3.1 Identification. . . . . . . . .
SUBROUTINE BJERR. . . . . . . . . « . ..
4.1 Deck Identification . . . . . .
4.2 PUPPOSE o o © 6 s o mmeuw & » »
4.3 Storage : « v ¢ v 0w ox =
4.4 Subroutine Usage. . . . . . . .
4.5 Named CPMM@N Usage. . . . . . .
4.6 Argument. . . . . . . . 0 v .
4.7 Flow Chart. . « « « i & % &

SUBROUTINE BJPRCS

OO oToOTn oI oo
OLWOWOONOTOT A WRN —

Deck Identification
Purpose
Description
Storage
Library Usage
Subroutine Usage. . . . . . . .
Named CPMMPN Usage. .
Arguments
Local Varjables . . . . . . . .
Undimensioned . .

------

. . .

------

..........

..........

........

----------

........

------

-----

------

........

------

oooooooooo

.......

oooooooooo

-----

-------

. . .

ooooo

----------

..........

NN OPEPRPEAPWWWWWN A — ——

A A
e I B |

-P-h-b-?-b-b-b B
N — ot ot —d —d

(6]
t
—

1
N et e e e e d o —d

mmmmmclnmmmm



10.

TABLE OF CONTENTS (CONTINUED)

Page
5.10 Flow ChafB: o = o 5 s 8 @ ¢ 6 & M & @ « o 0 & @ 5-2
SUBROUTINE EQUDRY % & wi w s @ & & 8 % % & @ & & & ¢ & 6-1
6.1 Deck Identification . . . . . . . . .. 6-1
6.2 PUPPOSE © &« v v v v e e e e e e e 6-1
6.3 StOrage . . . . i e e e e e e e e e e e e e e e 6-1
6.4 Library Usage « « « « & o & srae i & o & ¥ § % & % 6-1
6.5 Subroutine Usage. . . . « . « v v v v v v uw . 6-1
6.6 Named CAMMON Usage. . . . . . + + v v v v o o 6-1
6.7 Arguments . - « « :« % & & @ 5-% 3 Sk BB B o o 6-1
6.8 Restrictions. e e e e e e e e e e e e e 6-1
6.9 Local Variables . . . . . . . . . .. C e e e e e 6-2
6.9.1 Dimensioned . . . . . . . . . .. e e e e e . 6-2
6.9.2 Urdimens Soned aw: m m = = @ & s wwmm & » w & & o 6-2
6.10 Equivalences. « . . ¢ » v % s s @ igi & ¥ & « & % o 6-3
6.11 Flow Chart. . . . . . . . . o o . o o o o . .. 6-3
SUBROUTINE ERMES. . . . . R e . R R 7-1
7.1 Deck Identification . . . . . . . . . . .. 7-1
7.2 Purpose . . . . . . L i 0 e e e e e e e e e e 7-1
7=3 StOFAUE* s uc. 2 @ e ® : a B E G I WO E : 9 @ B 6 3 (8 7-1
7.4 Named COMMPN Usage. . . . . . . . « ¢ o v v v o . . 7-1
L) Argument. . . . « . . . & % s wow o 7-1
7.6 Flow Chaft. o« o 9 « « o o S v 909 @ @ & 8 9 o 3 s 7-2
SUBROUTINE FACT@R . « « « « « « « o o . G v R 6 8-1
8.1 Deck Identification . . . . . . . 8-1
8.2 PUFPOSE & « o5 w & v = % # 5o W I B R % B N 8-1
8.3 Storage s « o s s # ¥ x % n» oo e & B W % @ 8-1
8.4 Arguments . . « & o .« v % % & W E W ¥ § 5 % § G 8-1
8.5 Local Variables . . . & s & % wew o s & & 5 % % % % 8-1
8.58:1 Undimensioned . . . . . . TR TR T 8-1
8.6 Filgw Bharts = = 5 » * s, s 5 s o P 5 8 & § % & 8-2

SUBROUTINE NUMBER . . .

9.1 Deck Identification . . . . . . « « . .
9.2 PUFPBSIE « ¢ = s & & 2@ & & & & ® & =
9.3 Description s w @ w & s s 4 58 o « @ % 3
9.4 SEONAGE ¢ = o @ & =« 9 o 6 6 s« & & & & s
9.5 Named COMMON Usage. . . . . . . . . . .
SUBROUTINE PREPRR i 5 w % @ % & # 8 § & o.& @ @ &
10.1 Deck Identification . . . . . i B E
10.2 PUFPOSE » » o o o o 6.8 . % 8 s v umom &

iv

!
-_—

1
[ J [ R

. . . .

------

kOkO&OkIOkD w



11,

12.

i

TABLE OF CONTENTS (CONTINUED)

10.3 Description . . . . % & &% & 5 5 w5

10.4 Storage . . . . . .. AR RN I TR
10.5 Subroutine Usage. . . . . . . . . . . ... ...
10.6 Named COMM@N Usage. . . . . . . . .

10.7 Local Varjables . . . . . . . e e e e

10.7.1 Undimensioned . . . . . . . . . . . . . ..

10.8 Flow Chart. . . . . . § e W A & W W

SUBROUTINE REPQRT . . . . . . . TEEREE LT

11.1 Deck Identification . . . . . . . . . . ..

11.2 PUrPOSE « « o & o o & & 5 5 § 8 5 ;e e e e e
158 Description . . . . . . . . . . . . .. ... ..
11.4 Storage . . . . . . . .. .. . W E R W W & % .
il 45 Library Usage . . . . . . . . . . . . v v v .. -
11.6 Named COMM@N Usage. . . . . . . . « v v v v « « . .
Wl .7 Local Variables 4 i o5 v & § 4 3 o % 2 s 2 5 »
11.7.1 Dimensioned . . 5 < & o/ & & 5 & & 4 o B o6 4 & o
11.7.2 Undimensioned . . . . . . . . . . . . . .. .

11.8 Namelists . . . . . . . . . « v v v v v v o .
11.9 Flow Chart. . . . . . . « « v v v v v v v v v v ..
SUBROUTINE ZERPUT o & = = & seovwme v & =

12.1 Deck Identification . . . . . . . . . . . . ..
122 Purpose . . . : B W OEE ko v 8 H s B S e § &
28 Storage . . ¢ ¢« . FEE % & 5 5 i B R B Y e
12.4 Named CPMMON Usage. . . . . . . . . . . . . . ...
12.5 Local Variables . . . . . . . . . . . . . . . ...
12.5.1 Undimensioned . . . . . . . . . . . « . .« .+« ..
12.6 Flow Chart. . . . . . . . .. e e e e e e

PROGRAM COMPILATION .

OCONOOTPLWN —

.
[ R
]

J—p—
w N

---------------

The Main Program, COMSIM., . . . . . . . . . . . . .
Subroutine BESJ . . . . . . . . . . . . ... o
Subroutine BJERR. . . . . . . . . . . . . . AR
Subroutine BJPRCS . . . . . . . . . .. . . .. ..
Subroutine EQUDRY . . . . . . . . « v « v v v . ..
Subroutine ERMES. . . . . . e e e e e e e e e e
Subroutine FACTPR . . . . . G ® W w B e DRI e e e
Subroutine NUMBER . . . . . . . . « v « v o v v o
Subroutine PREPR® . . . . . . . . . « « « « .« « ..
Subroutine REPPRT . . . . . . . . . . . . . .. ..
Subroutine ZERQUT . . . . . . . . . G W T e m .
The Utility Program, UTILTT . . . . . . . . . . . .
The Utility Program, UTILT2 . . :

12-1
12-1

13-1

13-1

13-14
13-18
13-19
13-22
13-39
13-41
13-42
13-44
13-47
13-53
13-54
13-56






25l
2.2
2.3

TABLES

Subroutine Usage Cross Reference .

Named COMM@N Usage Cross Reference

..........

Parameter Number-Mnemonic Cross Reference. . . . . . . .






1. INTRODUCTION

The main program, CAMSIM, and the individual subroutines are discussed
in separate sections. Each section contains the applicable information for
the following:

a) Identification (unless otherwise noted, the main program
jdentification data are applicable to each subroutine)

b) Deck Identification

c) Purpose

d) Description (Includes references)

e) Storage (Figures do not include named COMMPN storage)
f) Restrictions

g) Library Usage

h) Subroutine Usage (Refer to Table 2-1 for subroutine cross
reference table)

i) Named CPMMPN Usage (Refer to Table 2-2 for Named COMM@N
cross reference table)

j) Arguments

k) Local variables
1) Equivalences

m) Namelists

n) Flow Chart
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2. THE MAIN PROGRAM, C@MSIM

2.1 IDENTIFICATION
The program identification data are as follows:
Program Number: HV008C
Title: C@MSIM
Task Number: E9
Programming Language: FPRTRAN V
Machine: SRU 1108 (EXEC II)
2.2 DECK IDENTIFICATION
COMSIM
2.3 PURPOSE

This program will simulate the Apollo LM/CSM/MSFN S-band communication
system.

2.4 DESCRIPTION

Each basic communication function associated with the Apollo LM/CSM/
MSFN S-band communication system is represented by a computational "block"
or module. There are fifty such blocks in C@MSIM and various sequences of
these blocks simulate various subsystems of the Apollo LM/CSM/MSFN S-band
communication system. (Currently, only thirty-five of these blocks are being
used.) A description of the various systems which can be simulated and
their corresponding C@MSIM block sequences is given in the CPMSIM User's
Manual.

Initially, parameter definition cards are read in either from cards
or from tape; these cards provide a description of each of the numerical
parameters which represent the various physical quantities necessary to
simulate the communication system. Parameters are classed as (1) Input
(parameters which can only be entered as program input), (2) Intermediate

(parameters which may be either input or computed) and (3) Output (parameters
which can only be computed by the program). These parameter definitions are
not necessary for the execution of the program since reference is made only
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to the numerical name of a particular parameter, not its description.

The program is designed to process any number of problem sets where
a problem set is a particular simulation; hence, after the parameter defini-
tions are input, "$PRBSET" namelist input is expected which indicates the
number of problems in the set, and, optionally, the number of the logical
unit for the data tape and a designator for the use of input parameters
from the preceding problem. Data for each problem of a problem set is
determined by "$PRBSPC" namelist input which indicates the number of com-
munication links desired, the number of reports desired, the number of pages
per report and lines per page desired, the location of the file on the data
tape and a flag for optional output. This card is followed by 1link speci-
fication cards which indicate, for each link specified in the problem data,
the sequence of the computational blocks necessary for the desired simula-
tion and then by data cards defining the values of the input and interme-
diate parameters of the problem. These cards are then followed by "$REPSPC"
namelist input for each report desired. This namelist indicates the type
of report desired, start and stop limits for the variables to be reported
(if they are the same, all points are reported) and, for report type 5,
the parameter numbers of the variables to be reported. Succeeding problem
sets are set up in the same manner and simply sequenced one after the other.

The independent variable varied for computation can be either the
received signal level (in DBM) or the range (in nautical miles). A block
sequence of 1,... or 9,1,... indicates that range is the independent vari-
able; otherwise, received signal level is the independent variable.

The printed output consists of a listing of the input and intermediate
parameters followed by one or more communication reports, as indicated on
the "$PRBSPC" namelist input, followed by a listing of output and interme-
diate parameters and their value at the last computational point. A data
tape is also generated which may be saved for future reports and for plot-
ting.

A complete description of the printed and data tape output is in-
cluded in the CAMSIM User's Manual.

2.5 STORAGE

The main program, CPMSIM, uses 2554 octal locations.
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2.6 SUBROUTINE USAGE

Table 2-1 is a subroutine usage cross reference table which includes
subroutines called by the main program.

2.7 NAMED C@AMM@N USAGE

Each named COMMPN block is listed below. Table 2-2 is a named
COMMDN usage cross reference table which includes named CAMM@N usage by
the main program.

2.7.1 AE
Storage: 4 decimal locations.
IE LOCEM NEM NEMAX
2.7.2 ANSCPM

Storage: 300 decimal locations.

BER (2) MGBE (2) MGC (2) MGKE (2) MGP  (2)
MGTE (2) MGTD (2) MGTPR (2) MGTSB (2) MGTSFR(2)
MGVE (2) MGVD (2) MGVOF (2) MGVSF (2) MLBV (2)
MLCVBS(2) MLDC (2) MLDK (2) MLDPHT(2) MLDPLT(2)
MLDPRN(2) MLDPV (2) MLDVLT(2) MLEVA(2,8) MLHLB (2)
MLUC (2) MLUPT (2) MLUPV (2) NOISEF(2) PCDBM (2)
PHIFDB(2) SNBD (2,4) SNBDDB(2,4) SNBE (2) SNBEDB(2)
SNC  (2) SNCDB (2) SNESB (2,8) SNESBB(2,8) SNHSB (2)
SNHSBB(2) SNIF (2) SNIFDB(2) SNKE  (2) SNKEDB(2)
SNMM  (2,4) SNMMDB(2,4) SNMSF (2,4) SNMSFB(2,4) SNP  (2)
SNPDB (2) SNPBV (2) SNPBVB(2) SNTE (2) SNTEDB(2)
SNTFR (2) SNTFRB(2) SNT@ (2) SNT@DB(2) SNTP (2)
SNTPDB(2) SNTPR (2) SNTPRB(2) SNTSB (2) SNTSBB(2)
SNTSF (2) SNTSFB(2) SNVE (2) SNVEDB(2) SNV (2)
SNV@DB(2) SNV@F (2) SNV@FB(2) SNVSF (2) SNVSFB(2)
SNXE (2) SNXEDB(2) DUMMYA(68)
2.7.3 BJSC@OM

Storage: 71 decimal locations.
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BJ (3,2,3) BJBET (3) BJGAM (3) BJIXI (3) BJPE (2,2)
BJPH (2,2) BJPK (2,2) BJEVA(2,2,8)
4 INTERM
Storage: 200 decimal locations.
ALPHA (2) BET (2) BETEVA(2,8) COMPLE(2) DMMSF (2,4)
DNMSF (2,4) DNMSFB(2,4) DPBV (2) DPBVDB(2) DTB  (2)
DTBDB (2) DTP  (2) DTPDB (2) DTPR (2) DTPRDB(2)
DESF  (2) DTSFDB(2) DTSFR (2) DTSFRB(2) DVB  (2)
DVBDB (2) DVF  (2) DVFDB (2) DVSF  (2) DVSFDB(2)
DXE  (2) DXEDB (2) ELLELL(2) ENIF (2) FREDEV(2,4)
GAMM  (2) LbB  (2) LSDB (2) MGTBER(2) PC (2)
PCDB (2) PHIF (2) RATIP (2,8) RNM 2) SNV@P (2)
SNV@PB(2) SR (2) SRDB (2) SRDBM (2) STDB (2)
T (2) XI (2) DUMMYI(54)
5 LISIC
Storage: 5206 decimal Tocations.
IVAR N DATAPE NLISTS
NPAGES NLINES NFW INFPS(150,13)
INF@I(100,13) INFPA(150,13)
6 NUMBER
Storage: 32 decimal Tlocations.
ZERQ FIFTH QUARTR  HALF @NE TWQ THREE
FAUR FIVE SIX SEVEN EIGHT FNINE TEN
TWENTY  FIFTY HUNDRD  THSAND  FMIYUN I1 12
I3 14 I8 16 17 18 19
1o 120 150 1100
7 STATIC
Storage: 300 decimal locations.
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A (2) B (2) BB  (2,4) BBE (2) BC (2)
BD (2,4) BEE (2,8) BHE (2) BIF (2) BKE (2)
BLF (2) BLM (2,4) BLPBV (2) BLTP (2) BLX (2)
BMSF (2,4) BPBVE (2) BPBVP (2) BPK (2) BR  (2)
BTE (2) BTEF (2) BT@ (2) BTPE (2) BTPP (2)
BVE (2) BVEF (2) BVP (2) BVRF (2)  BWTSF (2)
BWSF (2)  BXE (2)  CMSF (2,4) CTSF (2)  CVSF (2)
DELFB (2,4) DELNM (2)  DELSR (2) DFK (2)  DFKPBV(2)
DFKT (2)  DFKTP (2)  DFKX (2) FMC (2)  FPBV (2)
FTF  (2) FTP  (2) FIS (2) FVF (2) FVS (2)
FVSF (2) FXF  (2) GAMMA (2) GR  (2) 6T  (2)
K (2) KB (2) LC  (2) M@DLEV(2,8) NEMU (2)
PBE (2) PDEV (2) PE (2) PH (2) PHIp (2)
PK (2) PP (2) PT  (2) PV (2) RBE (2)
RC  (2) RHPB (2,4) RHQPBV(2)  RHPT (2)  RHATP (2)
RHOV (2)  RHPX (2) RKE (2) RPK (2) RTE (2)
RTP  (2) RTPR (2) RTSB (2) RTSFR (2) RVE (2)
RV@ (2) RVPF (2)  RVSF (2)  SNRCEM(2)  SNRCST(2)
SNTRDB(2) ST (2)  TAPERA(2)  TAPERB(2) TRC (2)
DUMMYS (40)

Table 2-3 cross references input, intermediate and output parameter
numbers against computer mnemonics in the STATIC, INTERM and ANSC@M COMM@N
blocks, respectively. A complete description of each of these parameters
is given in the CPAMSIM User's Manual.

2.8 LOCAL VARIABLES

2.8.1 Dimensioned

Mnemonic Type Size Description

TITLES R (3,2) Title on link specification card(s)

LINKID I (2) Link ID type. T1=downlink, 2=uplink.

N@EQS I (2) Number of eauations on 1ink specification
card(s)

III l (13) Temporary storage for parameter descriptions

UDLINK R 2) Hollerith "D@WN" and "UP"

IDEQSS I (20,2) Sequence of equations on link specification

card(s)

2-5



Mnemonic Type Size Description

STATIV R (300) Working array for input parameters

FINTEV R (200) Working array for intermediate parameters

ANSCPV R (300) Working array for output parameters

ITABLE I (50) Table of integers indicating which para-

meters can be operated on by the finite
transmitted SNR algorithm variable

SNTR R (2) Miscellaneous variable

2.8.2 Undimensioned

Mnemonic Type Description

IFINIS I Alphanumeric "b$ENDb"

IBLANK I Alphanumeric "bbbbbb"

NFW I Number of FPRTRAN words on data tape (For this
version NFW = 800)

IDDEF | Bad ID number counter

IEND il End flag

ID I Parameter description ID number

J I Index

I I "DP" Toop index

NPR@BS i Number of problems in problem set

NPQINT I Total number of computational points (= NPAGES*NLINES)

L I "DP" Toop index

IPRINT I Optional print flag (IPRINT # O indicates print out
of namelist $BJSCAN)

IN I I/0 Tist index

¥l I I/0 Tist index

IDSTAT I Bad parameter ID number counter

VALUE R Temporary storage

134 I Page line storage

ID1 I Index

1D2 I Index

J1 I Index

J2 I Index

IK I "D@" loop index

M I Temporary storage
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Mnemonic Type Description

DATAPE I Data tape ID number
ICNT 0 Maximum number of underflows/overflows allowed
I1 I Temporary storage

IM I "DP" loop index
INTAPE I Input tape ID number
JI I Index

JJ I Index

LIMIT I "DP" loop limit

LINKI I First Tink ID number
LINK2 I Second link ID number

2.9 EQUIVALENCES

Mnemonic-1  Mnemonic-2  Purpose

STATIV(1) A(1) A11 parameters in COMMPN STATIC referred to
as array STATIV

FINTEV(1) ALPHA(1) A11 parameters in CPMMPN INTERM referred to
as array FINTEV

ANSCQV(1) BER(1) A11 parameters in CAMMPN ANSCOM referred to
as array ANSCQ@V

2.10 NAMELISTS

Namelist Variables

BJSCON BJ BJBET BJGAM  BJXI
BJPE BJPH BJPK BJEVA

PRBSET NPROBS DATAPE SAVE

PRBSPC LINKS NLISTS NPAGES NLINES

NFILE  IPRINT



2.11 FLOW CHART

PROGRAM
INITIALIZATION

(B—

READ A % [F FIRST CARD IS A "< AE@F" CARD,
PARAMETER PARAMETER DESCRIPTION CARDS
DESCRIPTION WILL BE READ FROM THE PROGRAM
CARD* PCF TAPE.

BAD .
" SEND" CARD? PARAMETER YES s PRINT ERROR

ID'S MESSAGE

ENCOUNTERED ?,

\
F TRANSFER
PARAMETER YEs T INPUT =®
DESCRIPTION? PARAMETER
ARRAY
NO
! TRANSFER
INTERMEDIATE YES DESCRIPTION
PARAMETER TO INTERMEDIATE —={ 10
DESCRIPTION? PARAMETER
ARRAY
NO
Y
TRANSFER
QUTPUT DESCRIPTION
PARAMETER TO OUTPUT -1 10
DESCRIPTION? PARAMETER
ARRAY
NO
\

INCREMENT "BAD
ID" DESCRIPTION
COUNTER
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INITIALIZATION
OF PROBLEM
SET DATA

:

READ PROBLEM
SET DATA

|

PRINT PROBLEM
SET DATA

INITIALIZATION
OF PROBLEM
SPECIFICATION

DATA

READ PROBLEM
SPECIFICATION
DATA

PRINT PROBLEM
SPECIFICATION
DATA

2-9



NEITHER

MAKE REPORTS
FROM PREVIOUSLY
GENERATED DATA
TAPE?

NO

Y

READ LINK
SPECIFICATION
DATA

F

PRINT LINK
SPECIFICATION
DATA

INITIALIZE
RANGE AND
RECEIVED
SIGNAL LEVEL

SET FLAG
THAT RECEIVED
SIGNAL LEVEL
IS VARIED

Y

N

YES

REWIND

|

POSITION DATA
TAPE AT PROPER
FILE

...,NOR9,T,...,N

SPECIFICATION
CARD

/LINK SEQUENCE\
ON FIRST LINK / 1,

|

SET FLAG
THAT RANGE
IS VARIED

DATA
TAPE
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INITIALIZATION
OF PARAMETER
DATA

READ A
PARAMETER
DATA CARD

{ " $END" CARD?

NO

YES

YES

ke

LIST INPUT
PARAMETER
DESCRIPTION
AND VALUES

BAD
PARAMETERS
ENCOUNTERED?

NO

PRINT ERROR
MESSAGE

NO

INCREMENT "BAD
PARAMETER 1D"
COUNTER

TRANSFER VALUE
TO INPUT ARRAY

TRANSFER VALUE
TO INTERMEDIATE
ARRAY




CONVERT
TRANSMITTED

INCREMENT RECEIVED
SIGNAL LEVEL (DBM)
AND EQUATE UP AND

COMPUTE RECEIVED

SNR FROM DB
TO RATIO
PROCESS Va
BESSEL PREPRO )
FUNCTIONS
705
RANGE INDEPENDENT SIGNAL LEVEL
VARIABLE
\
\
INCREMENT RANGE DOWN LEVELS
AND EQUATE UP AND
DOWN RANGES l
SIGNAL LEVEL
(RATIO)
PERFORM
COMMUNICATION
SIMULATION

CALCULATIONS

—C EQUDRV )
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INITIALIZATION
FOR FINITE
SNR CALCULATIONS

COMPUTE FINITE
SNR (DB) AT
RECEIVER FOR

SPECIFIED BLOCKS

WRITE

!

DATA
TAPE

LasT POINT N\ NO
COMPUTED 2 ™

YES

._{ 705 '

ENDFILE

DATA
TAPE

PRINT

REPORT(S) '\ ' ES
DESIRED? /-
NO

R
COMMUNICATION

iOijl)/

!

PRINT OUTPUT
AND INTERMEDIATE
PARAMETERS FOR

LAST POINT CCMPUTED

REPORT



OPTIONAL
OQUTPUT WRITE BESSEL

DESIRED? FUNCTION VALUES

NO

PROCESS YES
ANOTHER 800

PROBLEM?

NO

\

PROCESS \ VES
ANOTHER

PROBLEM SETy

100

NO

END



TABLE 2-1. SUBROUTINE USAGE CROSS REFERENCE

CALLED
SUBROUTINE

BESJ

BJERR

BJPRCS

EQUDRV

ERMES

FACTPR

PREPR@

REPART

ZERPQUT

CALLING SUBROUTINE

COMSIM BJERR BJPRCS PREPRP
3
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*
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3
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TABLE 2-3.

CROSS REFERENCE

PARAMETER NUMBER--MNEMONIC

PARAMETER PARAMETER PARAMETER
NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
INPUT PARAMETERS (STATIC)
1 A (1) 31 BEE (1,4) 61 BLX (1)
2 A (2) 32 BEE (2,4) 62 BLX (2)
3 B (1) 83 BEE (15 63 BMSF  (1,1)
4 B (2) 34 BEE (1255 64 BMSF  (2,1)
5 BB (1,1) 35 BEE (i s161) 65 BMSF  (1,2)
6 BB (2,1) 36 BEE (2,6) 66 BMSF  (2,2)
7 BB (1,2) 37 BEE (57) 67 BMSF  (1,3)
8 BB (2,2) 38 BEE (257) 68 BMSF  (2,3)
9 BB (1,3) 39 BEE (1,8) 69 BMSF  (1,4)
10 BB (2,3) 40 BEE (2,8) 70 BMSF  (2,4)
11 BB (1,4) 41 BHE G 71 BPBVE (1)
12 BB (2,4) 42 BHE (2) 72 BPBVE (2)
13 BBE (1) 43 BIF (1) 73 BPBVO (1)
14 BBE (2) 44 BIF (2) 74 BPBVO (2)
15 BC (1) 45 BKE (1) 75 BPK (1)
16 BC (2) 46 BKE (2) 76 BPK (2)
7] BD (1,1) 47 BLF (1) i BR (1)
18 BD (2,1) 48 BLF (2) 78 BR (2)
19 BD (1,2) 49 BLM (Us13 79 BTE (1)
20 BD (2,2) 50 BLM (2,1) 80 BTE (2)
21 BD (1,3) 51 BLM (1,2) 81 BTEF (1)
22 BD (2,3) 52 BLM (2,2) 82 BTEF  (2)
28 BD (1,4) 53 BLM (1,3) 83 BTO (1)
24 BD (2,4) 54 BLM (2,3) 84 BTO (2)
25 BEE (1,1) 55 BLM (1,4) 85 BTPE (1)
26 BEE (2,1) 56 BLM (2,4) 86 BTPE  (2)
27 BEE (1,2) 57 BLPBV (1) 87 BTPO (1)
28 BEE (252) 58 BLPBV (2) 88 BTPO  (2)
29 BEE (1,3) 59 BLTP (1) 89 BVE (1)
30 BEE (2,3) 60 BLTP  (2) 90 BVE (2)
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TABLE 2-3. PARAMETER NUMBER--MNEMONIC CROSS
REFERENCE (CONTINUED)

PARAMETER PARAMETER PARAMETER

NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
91 BVEF (1) 121 DELFB (1,4) 151 FVSF (1)
92 BVEF  (2) 122 DELFB  (2,4) 152 FVSF  (2)
93 BVO (1) 123 DELNM (1) 153 FXF (1)
94 BVO  (2) 124 DELNM  (2) 154 FXF (2)
95 BVOF (1) 125 DELSR (1) 155 GAMMA (1)
96 BVOF  (2) 126 DELSR (2) 156 GAMMA  (2)
97 BWTSF (1) 127 DFK (1) 157 GR (1)
98 BWTSF  (2) 128 DFK  (2) 158 GR (2)
99 BWVSF (1) 129 DFKPBY (1) 159 e (1)
100 BWVSF  (2) 130 DFKPBV (2) 160 G (2)
101 BXE (1) 131 DFKT (1) 161 (1)
102 BXE  (2) 132 DFKT  (2) 162 (2)
103 CMSF (1,1) 133 DFKTP (1) 163 KB (1)
104 CMSF  (2,1) 134 DFKTP  (2) 164 KB (2)
105 CMSF (1,2) 135 DFKX (1) 165 e (1)
106 CMSF  (2,2) 136 DFKX  (2) 166 LC (2)
107 CMSF (1,3) 137 MC (1) 167 MODLEV (1,1)
108 CMSF  (2,3) 138 FMC (2) 168 MODLEV (2,1)
109 CMSF  (1,4) 139 FPBY (1) 169 MODLEV (1,2)
110 CMSF  (2,4) 140 FPBV  (2) 170 MODLEV (2,2)
111 CTSF (1) 141 FTE (1) T MODLEV (1,3)
112 CTSF  (2) 142 FTF  (2) 172 MODLEV (2,3)
113 CVSF (1) 143 TP (1) 173 MODLEV (1,4)
114 CVSF  (2) 144 TP (2) 174 MODLEV (2,4)
115 DELFB  (1,1) 145 s (1) 175 MODLEV (1,5)
116 DELFB (2,1) 146 s (2) 176 MODLEV (2,5)
117 DELFB (1,2) 147 FVF (1) 177 MODLEV (1,6)
118 DELFB (2,2) 148 FVE o (2) 178 MODLEV (2,6)
119 DELFB (1,3) 149 Fvs (1) 179 MODLEV (1,7)
120 DELFB  (2,3) 150 Vs (2) 180 MODLEV (2,7)




TABLE 2-3.

PARAMETER NUMBER--MNEMONIC CROSS

REFERENCE (CONTINUED)

PARAMETER PARAMETER PARAMETER
NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
181 MODLEV (1,8) 208 RHOB 235 RTSB (1)
182 MODLEV (2,8) 209 RHOB 236 RTSB  (2)
183 NEMU (1) 210 RHOB 237 RTSFR (1)
184 NEMU  (2) 211 RHOB 238 RTSFR  (2)
185 PBE (1) 212 RHOB 239 RVE (1)
186 PBE  (2) 213 RHOB 240 RVE  (2)
187 PDEV (1) 214 RHOB 241 RVO (1)
188 PDEV  (2) 215 RHOPBV 242 RVO  (2)
189 PE (1) 216 RHOPBV 243 RVOF (1)
190 PE (2) 217 RHOT 244 RVOF  (2)
191 PH (1) 218 RHOT 245 RVSF (1)
192 PH (2) 219 RHOTP 246 RVSF  (2)
193 PHIO (1) 220 RHOTP 247 SNRCOM (1)
194 PHIO  (2) 221 RHOV 248 SNRCOM (2)
195 PK (1) 222 RHOV 249 SNRCST (1)
196 PK (2) 223 RHOX 250 SNRCST (2)
197 PP (1) 224 RHOX 251 SNTRDB (1)
198 PP (2) 225 RKE 252 SNTRDB (2)
199 PT (1) 226 RKE 253 ST (1)
200 PT (2) 227 RPK 254 ST (2)
201 PV (1) 228 RPK 255 TAPERA (1)
202 PV (2) 229 RTE 256 TAPERA (2)
203 RBE (1) 230 RTE 257 TAPERB (1)
204 RBE  (2) 231 RTO 258 TAPERB (2)
205 RC (1) 232 RTO 259 TRC (1)
206 RC (2) 233 RTPR 260 TRC  (2)
207 RHOB  (1,1) 234 RTPR




TABLE 2-3.

PARAMETER NUMBER--MNEMONIC CROSS

REFERENCE (CONTINUED)

PARAMETER PARAMETER PARAMETER
NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
INTERMEDIATE PARAMETERS (INTERM)
307 ALPHA (1) 331 DNMSF 361 DTPRDB (1)
302 ALPHA (2) 332 DNMSF 362 DTPRDB (2)
303 BET (1) 333 DNMSF 363 DTSF (1)
304 BET  (2) 334 DNMSF 364 DTSF (2)
305 BETEVA (1,1) 335 DNMSF 365 DTSFDB (1)
306 BETEVA (2,1) 336 DNMSF 366 DTSFDB (2)
307 BETEVA (1,2) 337 DNMSF 367 DTSFR (1)
308 BETEVA (2,2) 338 DNMSF 368 DTSFR  (2)
309 BETEVA (1,3) 339 DNMSFB 369 DTSFRB (1)
310 BETEVA (2,3) 340 DNMSFB 370 DTSFRB (2)
311 BETEVA (1,4) 341 DNMSFB 371 DVB (1)
312 BETEVA (2,4) 342 DNMSFB 372 DVB  (2)
313 BETEVA (1,5) 343 DNMSFB 373 DVBDB (1)
314 BETEVA (2,5) 344 DNMSFB 374 DVBDB (2)
315 BETEVA (1,6) 345 DNMSFB 375 DVF (1)
316 BETEVA (2,6) 346 DNMSFB 376 DVF (2)
317 BETEVA (1,7) 347 DPBV 377 DVFDB (1)
318 BETEVA (2,7) 348 DPBV 378 DVFDB  (2)
319 BETEVA (1,8) 349 DPBVDB 379 DVSF (1)
320 BETEVA (2,8) 350 DPBVDB 380 DVSF  (2)
321 COMOLE (1) 351 DTB 381 DVSFB (1)
322 COMOLE (2) 352 DTB 382 DVSFB  (2)
323 DMMSF  (1,1) 353 DTBDB 383 DXE (1)
324 DMMSF  (2,1) 354 DTBDB 384 DXE  (2)
325 DMMSF (1, 2) 355 DTP 385 DXEDB (1)
326 DMMSF (2, 2) 356 DTP 386 DXEDB (2)
327 DMMSF (1, 3) 357 DTPDB 387 ELLELL (1)
328 DMMSF (2, 3) 358 DTPDB 388 ELLELL (2)
329 DMMSF (1, 4) 359 DTPR 389 ENIF (1)
330 DMMSF (2, 4) 360 DTPR 390 ENIF  (2)
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TABLE 2-3.

REFERENCE (CONTINUED)

PARAMETER NUMBER--MNEMONIC CROSS

PARAMETER PARAMETER PARAMETER

NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
391 FREDEV (1,1) 410 PCDB (2) 429 RNM (1)
392 FREDEV (2,1) 411 PHIF (1) 430 RNM (2)
393 FREDEV (1,2) 412 PHIF (2) 431 SNVOP (1)
394 FREDEV (2,2) 413 RATIO (1,1) 432 SNVOP  (2)
395 FREDEV (1,3) 114 RATIO (2,1) 433 SNVOPB (1)
396 FREDEV (2, 3) 415 RATIO (1,2) 434 SNVOPB (2)
397 FREDEV (1,4) 416 RATIO (2,2) 435 SR (1)
398 FREDEV (2,4) 417 RATIO (1,3) 436 SR (2)
399 GAMM (1) 418 RATIO (2,3) 437 SRDB (1)
400 GAMM (2) 419 RATIO (1,4) 438 SRDB (2)
401 LDB (1) 420 RATIO (2,4) 439 SRDBM (1)
402 LDB (2) 421 RATIO (1,5) 440 SRDBM (2)
403 LSDB (1) 422 RATIO (2,5) 441 STDB (1)
404 LSDB (2) 423 RATIO (1,6) 442 STDB (2)
405 MGTBER (1) 424 RATIO (2,6) 443 T (1)
406 MGTBER (2) 425 RATIO (1,7) 444 T (2)
407 PC (1) 426 RATIO (2,7) 445 XI (1)
408 PC (2) 427 RATIO (1,8) 446 XI (2)
409 PCDB (1) 428 RATIO (2,8)

OUTPUT PARAMETERS (ANSCPM)

501 | BER (1) 5117 | mete () [ sa1 [ meve (1)
502 BER (2) 512 MGTE (2) 522 MGVE (2)
503 MGBE (1) 513 MGTO (1) 523 MGVO (1)
504 MGBE (2) 514 MGTO (2) 524 MGVO (2)
505 MGC (1) 515 MGTPR (1) 525 MGVOF (1)
506 MGC (2) 516 MGTPR (2) 526 MGVOF (2)
507 MGKE (1) 517 MGTSB (1) 527 MGVSF (1)
508 MGKE (2) 518 MGTSB (2) 528 MGVSF (2)
509 MGP (1) 519 MGTSFR (1) 529 MLBV (1)
510 MGP (2) 520 MGTSFR (2) 530 MLBV (2)
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TABLE 2-3. PARAMETER NUMBER--MNEMONIC CROSS
REFERENCE (CONTINUED)
PARAMETER PARAMETER PARAMETER
NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
531 MLCVBS (1) 561 MLEVA (1 591 SNBDDB (1,4)
532 MLCVBS (2) 562 MLEVA (2,8) 592 SNBDDB (2,4)
533 MLDC (1) 563 MLHLB (1) 593 SNBE (1)
534 MLDC  (2) 564 MLHLB (2) 594 SNBE  (2)
535 MLDK (1) 565 MLUC (1) 595 SNBEDB (1)
536 MLDK  (2) 566 MLUC  (2) 596 SNBEDB (2)
537 MLDPHT (1) 567 MLUPT (1) 597 SNC (1)
538 MLDPHT (2) 568 MLUPT (2) 598 SNC (2)
539 MLDPLT (1) 569 MLUPY (1) 599 SNCDB (1)
540 MLDPLT (2) 570 MLUPV  (2) 600 SNCDB  (2)
541 MLDPRN (1) 571 NOISEF (1) 601 SNESB  (1,1)
542 MLDPRN (2) 572 NOISEF (2) 602 SNESB  (2,1)
543 MLDPV (1) 573 PCDBM (1) 603 SNESB  (1,2)
544 MLDPV (2) 574 PCDBM (2) 604 SNESB  (2,2)
545 MLDVLT (1) 575 PHIFDB (1) 605 SNESB  (1,3)
546 MLDVLT (2) 576 PHIFDB (2) 606 SNESB  (2,3)
547 MLEVA  (1,1) 577 SNoB - (T,1) 607 SNESB  (1,4)
548 MLEVA (2,1) 578 SNDB  (2,1) 608 SNESB  (2,4)
549 MLEVA (1,2) 579 SNDB  (1,2) 609 SNESB  (1,5)
550 MLEVA (2,2) 580 SNDB (2,2) 610 SNESB  (2,5)
551 MLEVA (1,3) 581 SNDB - (1,3) 611 SNESB  (1,6)
552 MLEVA (2,3) 582 SNDB (2,3) 612 SNESB  (2,6)
553 MLEVA (1,4) 583 SNDB - (1,4) 613 SNESB  (1,7)
554 MLEVA (2,4) 584 SNDB  (2,4) 614 SNESB  (2,7)
555 MLEVA (1,5) 585 SNBDDB (1,1) 615 SNESB  (1,8)
556 MLEVA (2,5) 586 SNBDDB (2,1) 616 SNESB  (2,8)
557 MLEVA (1,6) 587 SNBDDB (1,2) 617 SNESBB (1,1)
558 MLEVA (2,6) 588 SNBDDB (2,2) 618 SNESBB (2,1)
559 MLEVA (1,7) 589 SNBDDB (1,3) 619 SNESBB (1,2)
560 MLEVA (2,7) 590 SNBDDB (2,3) 620 SNESBB (2,2)
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TABLE 2-3. PARAMETER NUMBER--MNEMONIC CROSS
REFERENCE (CONTINUED)

[PARAMETER PARAMETER PARAMETER
NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
621 SNESBB (1,3) 651 SNMM - (1,4) 681 SNPBV (1)
622 SNESBB (2,3) 652 SNMM  (2,4) 682 SNPBY  (2)
623 SNESBB (1,4) 653 SNMMDB (1,1) 683 SNPBVB (1)
624 SNESBB (2,4) 654 SNMMDB (2,1) 684 SNPBVB (2)
625 SNESBB (1,5) 655 SNMMDB (1,2) 685 SNTE (1)
626 SNESBB (2,5) 656 SNMMDB (2,2) 686 SNTE  (2)
627 SNESBB (1,6) 657 SNMMDB (1,3) 687 SNTEDB (1)
628 SNESBB (2,6) 658 SNMMDB (2,3) 688 SNTEDB (2)
629 SNESBB (1,7) 659 SNMMDB  (1,4) 689 SNTFR (1)
630 SNESBB (2,7) 660 SNMMDB  (2,4) 690 SNTFR  (2)
631 SNESBB (1,8) 661 SNMSF  (1,1) 691 SNTFRB (1)
632 SNESBB (2,8) 662 SNMSF  (2,1) 692 SNTFRB (2)
633 SNHSB (1) 663 SNMSF - (1,2) 693 SNTO (1)
634 SNHSB  (2) 664 SNMSF  (2,2) 694 SNTO  (2)
635 SNHSBB (1) 665 SNMSF (1,3) 695 SNTODB (1)
636 SNHSBB (2) 666 SNMSF (2,3) 696 SNTODB (2)
637 SNIF (1) 667 SNMSF (1,4) 697 SNTP (1)
638 SNIF  (2) 668 SNMSF (2,4) 698 SNTP  (2)
639 SNIFDB (1) 669 SNMSFB (1,1) 699 SNTPDB (1)
640 SNIFDB (2) 670 SNMSFB (2,1) 700 SNTPDB (2)
641 SNKE (1) 671 SNMSFB (1,2) 701 SNTPR (1)
642 SNKE  (2) 672 SNMSFB (2,2) 702 SNTPR  (2)
643 SNKEDB (1) 673 SNMSFB (1,3) 703 SNTPRB (1)
644 SNKEDB (2) 674 SNMSFB (2,3) 704 SNTPRB (2)
645 SNMM - (1,1) 675 SNMSFB (1,4) 705 SNTSB (1)
646 SNMM (2,1) 676 SNMSFB (2,4) 706 SNTSB  (2)
647 SNMM - (1,2) 677 SNP (1) 707 SNTSBB (1)
648 SNMM  (2,2) 678 SNP - (2) 708 SNTSBB (2)
649 SNMM  (1,3) 679 SNPDB (1) 709 SNTSF (1)
650 SNMM  (2,3) 680 SNPDB  (2) 710 SNTSF  (2)
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TABLE 2-3.

PARAMETER NUMBER--MNEMONIC CROSS

REFERENCE (CONTINUED)

PARAMETER PARAMETER PARAMETER

NUMBER MNEMONIC NUMBER MNEMONIC NUMBER MNEMONIC
71 SNTSFB (1) 719 SNVODB (1) 726 SNVSF  (2)
712 SNTSFB (2) 720 SNVODB (2) 727 SNVSFB (1)
713 SNVE - (1) 721 SNVOF (1) 728 SNVSFB (2)
714 SNVE  (2) V22 SNVOF  (2) 729 SNXE (1)
718 SNVEDB (1) 723 SNVOFB (1) 730 SNXE  (2)
716 SNVEDB (2) 724 SNVOFB (2) 731 SNXEDB (1)
Al SNVO (1) 725 SNVSF (1) 732 SNXEDB (2)
718 SNVO  (2)

2-24




3. SUBROUTINE BESJ

3.1 [IDENTIFICATION

IBM Application Program from the System/360 Scientific Subroutine
Package, Publication No. 20-0205-2, 1966.
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4. SUBROUTINE BJERR

4.1 DECK IDENTIFICATION
BJERR
4.2 PURPOSE

This routine tests an error flag; if the error flag is zero, no
error is indicated and control is returned to the calling program. If the
error flag is non-zero, an error message is printed out through subroutine
ERMES.

4.3 STORAGE
This routine requires 31 octal locations.
4.4 SUBROUTINE USAGE
The subroutine ERMES is called.
4.5 NAMED C@MMPN USAGE
This routine uses named CAMM@N AE.
4.6 ARGUMENT

Mnemonic Type Description

IER I Error flag



4.7 FLOW CHART

NO

IS ERROR
FLAG SET?

WIES

\

PRINT ERROR | ( ERMES
MESSAGE M )

END



5. SUBROUTINE BJPRCS

5.1 DECK IDENTIFICATION
BJPRCS
5.2 PURPOSE

This routine is a pre-processor for subroutine BESJ.

5.3 DESCRIPTION

For a specified argument X and integral order N@ > 0, subroutine
BJPRCS returns the Bessel functions JNQ(X)’ JNQ-l(X)’°"’J0( ). IfND <O
it returns the Bessel function J-NQ(X)'

5.4 STORAGE
This routine requires 112 octal locations.
5.5 LIBRARY USAGE
This routine uses the library function IABS.
5.6 SUBROUTINE USAGE
The subroutines BESJ and BJERR are called.
5.7 NAMED CPAMMPN USAGE
This routine uses the nammed CAMMPN blocks AE and NUMBER.
5.8 ARGUMENTS

Mnemonic Type Description

NQ I If NP > 0, order of Bessel function desired.
Otherwise, negative of order of Bessel function
desired.

X R Argument of desired Bessel function

BJX R Array of returned Bessel functions.
BIX(1) = J(X),...,BIX(NB+1) = Jyp(X),
for the case N@ > 0 and BJX(1) = J
for the case N@ < 0.

o0

5.9 LOCAL VARIABLES



5.9.1 Undimensioned

Description
Upper Timit of "D@" loop

Required accuracy of Bessel functions computed.
ACURAC is set to the constant 0.00005.

Actual order of Bessel function to be computed

“DP" Toop index

Error flag

Mnemonic Type
N2 I
ACURAC R
NORDER I
I I
IER I
5.10 FLOW CHART
)
COMPUTE

BESJ

MULTIPLE
BESSEL

COMPUTE

ONE
BESSEL | BESJ
FUNCTIONS

FUNCTION

CALL BESSEL
FUNCTION ERROR BJERR
CHECK ROUTINE

Y

RETURN
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6. SUBROUTINE EQUDRV

6.1 DECK IDENTIFICATION
EQUDRV
6.2 PURPOSE

This routine accepts an array of up to twenty of the integers 1,...,
50. It calls any one of fifty computational blocks in a sequence indicated
by the order of the integers occuring in the array. Not all of the compu-
tational blocks need be called, and any one of the blocks may be called
more than once.

6.3 STORAGE
This routine requires 4507 octal locations.
6.4 LIBRARY USAGE

This routine uses the library functions IABS, ALPG10, C@S, SIN, SQRT,
ABS and ERF.

6.5 SUBROUTINE USAGE
This routine calls the subroutines ERMES AND BJPRCS.
6.6 NAMED C@MM@N USAGE

This routine uses the named COMM@N blocks AE, ANSC@M, BJSC@M, INTERM,
NUMBER, and STATIC.

6.7 ARGUMENTS

Mnemonic Type Description
N I Link ID flag. 1=downlink, 2=uplink.
NUMEQS I The number of the integers 1,...,50 occuring

in the array

IDEQS I A twenty point array containing NUMEQS of the
integers 1,...,50

6.8 RESTRICTIONS

NUMEQS must satisfy the relation 1<NUME0S<Z20. The first NUMEQS
entries of the array IDEQS must be one of the integers 1,...,50.
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6.9 LOCAL VARIABLES

6.9.1 Dimensioned

Mnemonic Type Size Description
THETFUL R (2) Working array
RHQ R (2) Working array
SNVSFP R (2) Working array
SNTSFP R (2) Working array
SNVQFP R (2) Working array
SNPBVP R (2) Working array
SNTQP R (2) Working array
SNTPP R (2) Working array
6.9.2 Undimensioned
Mnemonic Type Description
I I "DP" Toop index
KALGQ I Variable used to call computational blocks
in sequence
LIMIT I "DP" loop Timit
PRDER I Order of Bessel function desired
ACURAC R Accuracy of Bessel function desired. Set
to constant 0.0005.
JBFLAG I Order of Bessel function. Set to constant 1.
€ R Intermediate calculation variable
D R Intermediate calculation variable
CONST1 R Temporary storage
CONST2 R Temporary storage
CONST3 R Temporary storage
ND I Order of Bessel function desired
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Mnemonic Type Description

PI R Value of =
PRADUT R Temporary storage
SNIFP R Temporary storage
SNR R Temporary storage
SNRDB R Temporary storage
SUM R Temporary storage
EQUIVALENCES
Mnemonic-1 Mnemonic-2 Purpose
RHp (1) RHQV (1) Computational facility
THETUL(1) PP (1) Computational facility
FLOW CHART

BLOCK 1

TRANSFER TO

I

COMPUTATIONAL BLOCK 2
BLOCKS . - |
IN SEQUENCE S . .

BLOCK 50 '

RETURN
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7. SUBROUTINE ERMES

7.1 DECK IDENTIFICATION
ERMES
7.2 PURPOSE

This routine prints out an error message specifying the number of
the error message, the location of the error and the type of the error
(by numerical code). If more than a specified number of error messages
are encountered, program execution will be terminated.

7.3 STORAGE

This subroutine requires 67 octal locations.
7.4 NAMED COMMON USAGE

This routine uses the named C@MM@N AE.
7.5 ARGUMENT

Mnemonic Type Description

ICADE I Numerical identification of the error type
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7.6 FLOW CHART

INCREMENT
ERROR MESSAGE
COUNTER BY
ONE

PRINT
ERROR
MESSAGE

MAX IMUM
NUMBER OF \ YES
ERROR

MESSAGES ?

NO

( RETURN )

END
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8.1 DECK IDENTIFICATION
FACT@R

8.2 PURPOSE

SUBROUTINE FACT@R

This routine will multiply by a specified factor any number of con-
secutive storage cells of core starting at a specified address.

8.3 STORAGE:

This routine requires 50 octal Tlocations.

8.4 ARGUMENTS

Mnemonic Type
A R
NOCCSC i
FACTER R

8.5 LOCAL VARIABLES

8.5.1 Undimensioned

Mnemonic Type
I I

Description

Denotes by name the starting address of the
block of consecutive storage cells of core

to be multiplied. A is dimensioned in the

subroutine as N@CCSC.

Denotes the number of consecutive core
storage cells. Is used as the dimension
of the array A in the subroutine.

The factor which is used to multiply each
of the specified storage cells of core

Description
“D@" loop index.



8.6 FLOW CHART

MULTIPLY EACH
ELEMENT OF
THE ARRAY

RETURN
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9. SUBROUTINE NUMBER

9.1 DECK IDENTIFICATION
NUMBER
9.2 PURPOSE

Subroutine NUMBER is a FARTRAN block data subroutine.
9.3 DESCRIPTION

The following block data is entered into the named C@MM@PN NUMBER.

_|

A A A H P H A H O 0000000000000 000 00 F

Variable

|

Value

ZERD
FIFTH
QUARTR
HALF
PNE
TW
THREE
FAUR
FIVE
SIX
SEVEN
EIGHT
FNINE
TEN
TWENTY
FIFTY
HUNDRD
THSAND
FMIYUN
I1

12

I3

14

I5

16

17

I8

19

110
120
150
1100

(8,]

OLCONTNTPHPWNHN—-0O00O0
QOO OOOOCOoOUIMMNNO

10.0

1,000,000.0

WOWONOO_WN —

9.4 STORAGE

No storage is required by this routine.
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9.5 NAMED CPMM@N USAGE

This routine uses the named CPMMON NUMBER.
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10. SUBROUTINE PREPRQ

10.1 DECK IDENTIFICATION
PREPR@
10.2 PURPOSE

This routine computes a sequence of eighteen Bessel functions, com-
puting the Bessel function J2, J] and JO for six arguments.

10.3 DESCRIPTION

The arrays BJ(3,2,3), PV(2), PT(2) and PK(2) appear in named C@MMQN
statements. Subroutine PREPR@ produces the following Bessel functions:

3o(PV(1)) = BI(1,1,1)
3,(PV(1)) = BI(2,1,1)
3,(PV(1)) = BI(3,1,1)
Jo(PT(1)) = BI(1,1,2)
3,(PT(1)) = BI(2,1,2)
3,(PT(1)) = BI(3,1,2)
Jo(PK(1)) = BI(1,1,3)
3, (PK(1)) = BJ(2,1,3)
3,(PK(1)) = BJ(3,1,3)
3o(PV(2)) = BI(1,2,1)
3,(PV(2)) = BJ(2,2,1)
1,(PV(2)) = BI(3,2,1)
3o(PT(2)) = BI(1,2,2)
3,(PT(2)) = BJ(2,2,2)
1,(PT(2)) = BJ(3,2,2)
Jo(PK(2)) = B3(1,2,3)
J](PK(Z)) = BJ(2,2,3)
3,(PK(2)) = BJ(3,2,3)

10.4 STORAGE
This routine requires 75 octal locations.
10.5 SUBROUTINE USAGE

This routine uses subroutine BJPRCS.
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10.6 NAMED CPMM@N USAGE
This routine uses the named COMMPN blocks BJSC@M, and STATIC .
10.7 LOCAL VARIABLES

10.7.1 Undimensioned

Mnemonic Type Description

ND I Highest order of Bessel function desired.
Set to the constant 2.

ND I "DP" loop index
10.8 FLOW CHART

CALCULATE
BESSEL BJPRCS
FUNCTIONS

RETURN
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11. SUBROUTINE REP@RT

11.1 DECK IDENTIFICATION
REPQRT
11.2 PURPOSE

Subroutine REPPRT prints various types of communication reports from
a data tape generated by the main program.

11.3 DESCRIPTION

A description of each fixed report type and the variable report type
is included in the C@MSIM User's Manual.

11.4 STORAGE
This routine requires 3306 octal locations.
11.5 LIBRARY USAGE
This routine uses the library routines M@D, ABS and FSBSFL.
11.6 NAMED CPMM@N USAGE
This routine uses the named COMM@N LISTC.
11.7 LOCAL VARIABLES

11.7.1 Dimensioned

Mnemonic Type Size Description

NVAR 1 (8) Alphanumeric parameter description
TEMP R (14) Temporary storage

0T I (37) Data statement

DT R (800) Working array

VARIA R (4,2) Hollerith of independent variable

11.7.2 Undimensioned

Mnemonic Type Description

up R Alphanumeric "UP"

D@WN R Alphanumeric "DPWN"
UDLINK R Up/down Tink indicator
L I "DP" loop index
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Mnemonic Type Description

LISTID I Parameter number
START R Start value
ST@P R Stop value
| i "DP" Toop index
NN I Transfer indicator
ULINK R Up/down link indicator
KK I Miscellaneous variable
K I Miscellaneous variable
J i Index
Jd I "DP" Toop index
NLNS I Miscellaneous variable
ICNT I Miscellaneous variable
IER I Error flag
NPRINT I Number of computational points
CNTPAR R Temporary storage

11.8 NAMELIST

Namelist Variables

REPSPC LISTID START ST@P NVAR



11.9 FLOW CHART

INITIALIZATION
OF SUBROUTINE

DATA
ANOTHER  \ vEs
REPORT
DESIRED?  /
3 NO
POSITION DATA INITIALIZATION
TAPE AT OF REPORT
BEGINNING OF SPECIFICATION
NEXT FILE DATA
 READ REPORT
REMCER SPECIFICATION
DATA

PRINT REPORT
SPECIFICATION
DATA AND
HEADINGS

REPORT NO
TYPE 5 50
DESIRED?  /

YES

LIST OF NO PRINT ERROR
PARAMETERS MESSAGE
0




PRINT PREAMBLE
TO REPORT
TYPE 5

ALL DATA
PCINTS
PRINTED?

DATA
READ TAPE

START AND
STOP LIMITS
INDICATED?,

NO

POINT
WITHIN
LIMITS?

1

e
]
1 /__j\s
REPORT TYPE = ?

YES

PRINT REPORT
TYPE 1

PRINT REPORT
TYPE 2

PRINT REPORT
TYPE 3

TYPE 4

PRINT REPORT

PRINT REPORT
TYPE 5




12.

12.

12.

12.

2.
12.

12.

.

DECK IDENTIFICATION

ZERQUT
PURPOSE

This routine initializes each element of two given arrays to zero.

STORAGE

12

SUBROUTINE ZERQUT

This routine requires 42 octal locations.

NAMED COMMN US

This routine uses the named C@MM@N blocks ANSCPM and INTERM.

LOCAL VARIABLE

AGE

Undimensioned
Mnemonic Type
I I

FLOW CHART

Description
"DP" loop index

SET ALL ARRAY
ELEMENTS
EQUAL TO ZERO

( RETURN ’
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13.12 THE UTILITY PROGRAM, UTILTI
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13.13 THE UTILITY PROGRAM, UTILTZ
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