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SUMMARY

Several computer subroutines have been developed that interpolate three
types of nonanalytic functions: univariate, bivariate, and map. The routines

- use data in floating-point form. However, because they are written for use on

a 16-bit Intel 8086 system with an 8087 mathematical coprocessor, they execute
as fast as routines using data in scaled integer form. Although all of the
routines are written in assembly language, they have been implemented in a
modular fashion so as to facilitate their use with high-level languages.

INTRODUCTION

The use of digital microcomputers in real-time simulation and control
applications has created a need for high-speed function generation routines.
These routines are needed to mathematically simulate the re]ationsh1ps between
the inputs and outputs of a physical system.

For function generation routines being used in the control of systems
such as gas turbine engines, speed of execution is a major concern. Previ-
ously, because of this speed requirement, function generation programs could
only deal with data in an integer format (ref. 1). However, by using a mathe-
matical floating-point hardware coprocessor, these routines can be extended to
deal with data in floating-point form.

‘The programs described in this report are written in assembly language
for use with the Intel 8086 microprocessor and the 8087 coprocessor chip.
They use straight-1ine interpolation as the numerical estimation method and
are callable from high-level languages. The ability of these programs to be
directly linked with a high-level language makes it possible to develop the
main logic of a control in a high-level language with calls to the assembly
language routines when high-speed function generation is needed.

‘These programs deal with three types of functional relationships: (1)
simple input-output functions (univariate functions), (2) functions of two
variabies with identical x data values on each curve (bivariate functions),
and (3) functions of two variables with different x data values on each curve
(map functions). Figures 1 to 3 11lustrate each type. The programs are
described by examining the three types of functions, by discussing the computer
subroutines written to implement these functions, and by exam1n1ng how the
high computation speeds were achieved.
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DESCRIPTION OF FUNCTION TYPES

_The six programs described in this report can interpolate outputs for
three kinds of functional relationships. These functional relationships are
" described in this section.

Function Type One (Univariate Function)

This is the simplest type of function. It i1s a simple input-output
relationship in which all data points are on the same curve (fig. 1). Every
input value x uniquely identifies.an output value y. The function can be
symbolized as Yy = F(Xy). An output value Yy for which there is no corre-
sponding experimental data point Xy can be found by linearly interpolating
between adjacent data points. This interpolation is carried out by using

equation (1).
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The relationships between variables are shown in figure 1.

Function Type Two (Bivariate Function)

This function consists of a family of curves (fig. 2) instead of the
single curve of function type one. Each curve has a particular value of 2
assigned to it. Therefore it is necessary to provide two input values, Xy and
Zy, before an output can be determined. This type of functional relationship
can be symbolized as Yy = F(Xy, Zy). For this function a restriction is
made that each curve must have the same number of data points. Additionally,
it 1s required that the data points for each curve be taken at identical values
of x. The output Yy is found by linearly interpolating between adjacent
x and 2z values by using equations (2) to (4):
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The relationships between variables are shown in figure 4.



Function Type Three (Map Function)

This last function, which also consists of a family of curves, is the most
general one. The restriction requiring all curves to have the same x break-
points is removed. However, each curve is sti1l required to have the same
number of breakpoints per z curve (fig. 3). Because each curve has a unique
set of x and 'y breakpoints, additional calculations must be made. The
equations required to obtain the interpolated output Yy = F(Xy, Zy) are
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The re]ationshﬁps between variables are shown in figure 5.

DESCRIPTION OF COMPUTER ROUTINES

The. programs used to implement function generation were deve]oped for the
Intel 8086 16-bit microprocessor coupled with an 8087 mathematical coprocessor.
The 8086 chip uses 16-bit address registers and 16-bit segment registers. An
address register and a segment register are combined to form a 20-bit address
that can access up to 1 megabyte of storage (fig. 6). In Intel "small-memory
model" programs the segment registers remain constant while the program is
executing. Although this restriction allows the program to address only 64K
bytes of storage, it simplifies many programming tasks and has the least amount
of programming overhead. Intel "large-memory model" programs do not require
the segment registers to remain constant. Thus large-model programs must set
up and maintain the segment registers at their correct values. Because of the
subtle differences between the large and small models, six separate function
generation routines are presented in this report, a large- and small-model
program for each of the three types of function. Further information on the
large- and small-memory models for the 8086/8087 processors is given in
references 2 to 5.



Linking to High-Level Languages

The function generation routines can be linked to both large- and smali-
model high-level language programs because all Intel conventions regarding the
saving and restoring of registers are followed. This means that the routines
can be used with Fortran-86, a large-model, high-level language, or PL/M-86,
which can be either a large- or small-model language.

The high-level language must supply the function generation routines with
two types of input parameter: (1) the address in memory of a data block hold-
ing information about the experimental breakpoints (the breakpoint information

block), and (2) the input values of the function.

The breakpoint information b1ock contains two types of information: (1)
information used to describe the format of the experiment data, and (2) the
arrays holding the data. Al11 itens in the breakpoint information block are
identified in figure 7.

An example of a typical high-level-language call including setup of the.
breakpoint information block is shown in figure 8. According to parameter
passing conventions, the first storage address in the breakpoint information
block (the variable XPTR) is passed by the high-level-language program on the
8086 stack, and the real-number input values are passed on the 8087 stack.

The final interpolated result produced by the lookup routine is returned
to the high-level-language program on the 8087 stack. When the parameters are
passed to the subroutine as shown in figure 8, this process is taken care of
automatically by the compiler and assembly language function routines and is
transparent to the high-level lanquage programmer.

Out—Of-Range Conditions

For a typical control application an out-of-range data input must not be
allowed to cause an unpredictable output. This is necessary to prevent damage
to the control system that could occur if, for instance, an actuator were
pushed beyond its range of operation. If a value is out or range, either too
high or too low, the programs will output the closest boundary value of the
function. 1If, for example, the input value is higher than the Tast experi-
mental data po1nt in the breakpoint information block of a simple input-output
curve, the routine will output the highest experimental value. If the input
z value into-a two-variable function interpolation routine is above the
maximum z data value, the routine will use the highest allowable z curve .
when performing the interpolation (fig. 9).

Dealing with out-of-range values in this way keeps the output from
becoming unpredictable and results in a control system that is well behaved.
'OPERATION OF COMPUTER ROUTINES
Six subroutines are described in this report, two for each type of

function: They are RFUN1S, RFUNIL, RFUN2S, RFUN2L, RFUN3S, and RFUN3L. The
last letter in the program name tells the type of memory model with which the



program will interface. A "S" suffix indicates that the routine is to be used
in the small-memory model, and a "L" indicates use with the large-memory model.
Listings of all programs, including example calls, are included in the appendix
to this report. :

RFUNTS and RFUNIL Programs

The routines RFUN1S and RFUNIL, which interfaces with the Intel small- and
large-model programs respectively, deal with simple univariate input-output
function lookups. The data are set up in the breakpoint information block as
shown in figure 10. F1gure 8 shows how these block data are set up by a
Fortran calling program.

XPTR 1s an index pointing to the location of the data in the most recent
previous call to the routine. ZPTR is not used in these routines but is
included to make the data structure similar to that used in RFUN2 and RFUN3.
NXPTS 1s the number of data breakpoints, NZPTS 4s not used but is included for
the same reason as ZPTR. XARRAY, which contains the breakpoint values of x,
1s stored next followed by YARRAY, the function output for each x value.

During execution three basic operations are performed. First the routine
initializes 1ts registers. Then it determines whether the input value is
higher or lTower than the initial x value indicated by the XPTR index. The
program then scans the XARRAY table to find the x segment that corresponds to
the x -input value. ‘Once the scanning is complete, the 8087 chip 1s used to
perform the interpolation by using equation (1), which was discussed earlier.

- Finally, the routine updates the index pointer and returns to the calling
‘program with the interpolated function output value y on the 8087 stack.

RFUN2S and RFUN2L Programs

RFUN2S and RFUN2L generate values for two-variable functions with identi-
cal breakpoints (as in fig. 2) in the small- and large-model programs, respec-
tively. They function similarly to RFUN1S and RFUNIL with one additional step.
The routines must perform a search through the 2z values as well as through
the x values. They must also read and update the ZPTR value in the break-
point information block (this variable was not used in the RFUN1 programs).

The data are stored in this program as shown in figure 11. - Since all of
the x breakpoints occur at identical points on all curves, only a one-
dimensional XARRAY is necessary. However, because each curve will have a dif-
ferent y output value at each breakpoint, a two-dimensional YARRAY is needed.
- The arrangement of this array is such that the first row corresponds to the
outputs of the first z curve, the second row corresponds to the outputs of
~the second z curve, and so on, up to the number of curves that exist.

The programs make use of equations (2) to (4) to compute the proper 1nter—
polated output. As in the RFUN1 programs, the f1na1 interpolated function '
output is returned on the 8087 stack.



RFUN3S and RFUN3L Programs

The RFUN3 programs generate outputs for two-variable functions with indi-
vidual breakpoints (as in fig. 3). They operate.similarly to RFUN2S and RFUN2L
except that additional calculations are made during each x scan to find the
breakpoints on a new z curve. The RFUN3 programs first scan the ZARRAY to
determine which curves the 2z input value is between. . Next 1t uses
equations (5) and (6) to generate the x breakpoints of this new interpolated
z curve. The x value search proceeds by generating new x values as a
function of z until the upper and lower boundaries of the input x are
found. Then interpolation between the generated segment endpoints by using
equations (7) to (9) determines the final output value y. Finally the x and
z index pointers are updated and the y output value is returned to the
calling program on the 8087 stack. S ‘

The data setup for the RFUN3 programs is more complicated than that for
either the RFUN1 programs or the RFUN2 programs because each breakpoint 1is
independent of all others. Not only does each curve have an individual set of
'y output values, as in the RFUN2 programs, but each also has an individual set
of x values. To support this arrangement, the data are set up as shown in
figure 12. XARRAY is a two-dimensional array containing the breakpoints for
each curve. The first row corresponds to the first ~z curve, the second row
to the second z curve, and so on as in the YARRAY used in the RFUN2 programs.
The YARRAY used in the RFUN3 programs is set up the same as the YARRAY in the
RFUN2 programs

1MPLEMENTING FAST EXECUTION SPEEDS

Since function generation routines are used most often in real-time appli-
cations where execution time is critical, an efficient algorithm is very
important. Several techniques are used in the function generation routines to
attain this speed efficiency.

Before 1nterpo1at1on is possible, the function generation routine must
determine the magnitude of the input by searching through the breakpoint
information block values for the one closest to the input value. Typically,
since a specific function routine is called only once per control update
interval, and since the input value normally changes relatively slowly from one
control 1nterva1 to the next, the breakpoint information block search fis sped
up if the index location of the previous search is known. A1l of the function
generation programs described in this report store the final index value for
use as the starting point of the next search. This index value, XPTR for
example, is stored at the beginning of the breakpoint information block and is
updated at the end of each call of the function generation routine.

Another way to decrease the execution time of the routine is to use memory
access instructions only when necessary since these take longer to execute than
register access instructions. The routines described in this report store any
fréquently used integer value-in an 8086 internal register and any frequently
used real value in an 8087 register, thus eliminating unnecessary memory
accesses.



A third approach used to decrease the execution time is to use in-line
coding of instructions rather than subroutine calls. In- 11ne coding may cause
the size of the code to be larger, but it will execute faster because the

processor does not have to store pointers and status registers as it does for
subroutine ca]]s

Funct1on Routine Execution Times

Typical execution t1mes for the entire lookup routine were exper1menta]1y
determined to be 0.50 ms for a univariate function lookup, 0.90 ms for a
: bivar1ate function lookup, and 1.00 ms for a ~map function lookup.

CONCLUDING REMARKS ' v

"Three types of nonanalyt1c function routines have been developed for use
with control algorithms written in high-level languages. These routines
operate on data in floating- point form and are fast enough to be used in real-
time control systems. Additionally, prob]ems associated with the 8086 . '
segmented architecture have been resolved so that the routines can be easily .
and efficiently 1ntegrated into most contro] schemes
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B086/67/83/186 HACRO ASSEMELER

RFUNIS

SERIES-IIT 8034/87/83/186 HACRO ASSEMBLER V2.0 ASSEMBLY OF MODWLE RFUMIS
OBJECT MODULE PLACED IN :F1:RFUN1S.0BJ

ASSEHELER INVOKED BY:

LoC OBJ

0000
0092
0004
0004

LINE

R =V LN . ) B R L R S

28

SOURCE

—a =

e

“a v we e

e wE M we ME 4B e ME ue W wa Ve wa ue we NS we we NS wa

e we ME wa ME Ma ME wn ue WA wa Me e

ASH36.86 tF13RFUNIS.SRC

08/30/84 PAGE

TR R R E IR F R

# ROUTINE NAME: RFUNIS

s

# VERSION: 2.0 ¥
¥ DATE: AUG. 9, 1983 ¥
# PROGRAMMER’S NAME: MICHAEL MACKIN *
¥ PURPOSE: TO INTERPOLATE A SIMPLE *
* FUNCTION FOR SMALL-MODEL *
# PROGRAMS #

IR RHH IR R LR R AR H

THIS SUBROUTINE OUTPUTS THE ESTIMATED VALUE OF A FUNCTION YV = F(XV)
BY INTERPOLATING FROH KNGWN SOLUTION POINTS, USING THE RELATION
YV = {(XV-XL}/(XH_XL))(YL-YL) + YL WHERE

YV = ANSKER TO BE COMPUTED
XV = INPUT VALLE

XH = KMNOWN HIGH X FOINT

XL = KNOWN LOW X POINT

YH = KNOWM HIGH Y POINT

YL = KNOWH LOW Y POINT

INPUT REQUIREMENTS:

1} THE FOLLOWING ALDRESSES WILL BE PASSED TO THIS SUBROUTIRE:

A, ON TOP OF THE 8086 STACK:

THE ADDRESS (OFFSET) OF A DATA AREA WITH THE FOLLONING

FORMAT
DSTRUC  STRUC

XFTR  TH
IPTR DH
HYPTS W
NIPTS M ?

XARRAY LD NXPTS DUP(?)
YARRAY DB NYPTS LUP{7)

[ES IS ]

DSTRUC  ERDS

B. ON TOP OF THE 8087 STACK:

X ARRAY INLEX

;Y ARRAY INGEX

sHD. OF ELEMENTS IN X ARRAY
NG, OF ELEMENTS IN Y ARRAY
1X ARRAY

Y ARRAY

THE IMPUT VALUE, XY, TO BE INTERPOLATED

2) IT IS REQUIRED THAT THE 8087 CHIP HAVE 3 EMPTY REGISTERS
WHEN THIS INTERPOLATION ROUTINE IS CALLED.

QUTPUT EFFECTS:

1) REGISTERS LESTROYED: AX, BX, CX» DX, DI, SI
2) INTERPOLATED RESULT RETURMED G TOP OF 3037 STACK
3} XPTR LOCATION UPDATED TO INDEX X VALUE JUST PRECEDING XV.

(TQ SPEED FUTURE SEARCHES FOR X)

1



8084/87/88/184 MACRD ASSEMELER

Loc 0B LINE

51

2

N

54

H

34

3

53

a9

60

b1

62

&3

b4

&5

bb

&7

68

63

70

I}

72

73

74

73

75

77

73

79

20

al

82

83

&4

85

25

87

e

g3

90

1

—_ 92
bA]

0000 94
0002 93
0004 94
97

-== 93
99

100
101

102

—— 103
104

0000 7777 103

RFUNLS 08/30/84 PAGE

SOURCE
EXAMFLE PL/M PROGRAM USING RFLNLS:
$SMALL
PLMPGH: [03

DECLARE DSTRUC STRUCTURE
XINDEX INTEGER, ZINDEX INTEGER. NXPTS INTEGER, MZIPTS IMTEGER,
YARRAY{7) REAL, YARRAY(7) REAL) PUBLIC
INITIAL (0:0:7,7:0,0:1.0:2,0:3.0:4.0:5.0:4.0: 0.0, 1. 0s
4,0,9.0,16.0,25.0:36.0)3

; RFUN1S: PROCELURE(X,STRUC_ADDR) REAL EXTERRAL:
H DECLARE X REAL:

H DECLARE STRUC_ADDR FOINTER;

3 ENDr RFUN1SS

PLMTEST: PROCEDURE FUBLIC:
DECLARE I INTEGER;
DECLARE (X,Y) REALS
X =15
Y = RFUNIS(X, BDSTRUC)S
CALL PRINT_ANSHER(Y)S
ERD;
END FUNPGM;

ERD PLHPGH;

3 ERE IR BB R R RO R HHEE R HHHEEE R

NAME  RFLNIS

CGROUP  GROUP  CODE

IGROUP GROUP  DATA
ASSUME  CS:CGROUP, D3:DGROUP
PUBLIC RFUNIS

$ R FERRERRFFEREFFFAFRREFERREREEFEEFRE IR E R R RIS

H STACK STRUCTURE

PARAMS  STRUC

OLLLEP W ? $SAVED BP REGISTER

RETURN DY ? $RETURM ADDRESS

DADDR LW ? sADDRESS OF DATA STRUCTURE
PARAMS ENDS

LR R R R R R R R R AR
DR SRR S R B I R R
DATA  SEGMENT FUBLIC ‘DATA’

STWSAVE DW ?

10

(g%



8036/87/68/185 MACRO ASSEMBLER

LaC OB

0000

0000

00600 55

0001 SEEC

G003 SBSE04

00046 BR3IF

0003 DNET7

8GR DIET7

000C 887704

O00F DIES

0011 DIES

0013 83C308

0014 BED3

0018 0308

001/ FRDALY

(01D 9RDD3EN000 R
0022 98

0023 A10000 R
0624 250041

0029 300001

002C 7432

002€

002E 83C704
0031 3BFE
0033 741E

(033 9BD311

0038 PBLIGEQOMD R
0030 9K

G03E A10000 R
G041 230041

4044 30000

0047 740A

0049 300040

004C 7405

CO4E 83C704
0031 EBDE

0053 83IEE04
(054 BIEFN4

LINE

106
107
108
109
119
i1
112
113
114
115
114
117
118
119
120
121
122
123
124
125
126
127
123
129
130
13t
132 +2
133 +1
134 +1
135 +1
136 +
137 +2
133 +2
139 +2
140 +1
141
142
143
144
143
144
147 +2
143 +
149 +
150 +1
151 +1
152 +2
153 +2
154 +2
155 +2
154 +1
157
158
159
160

RFUNLS

SOURCE

DATA  ENDS

08/30/84 PAGE

F R R R R R R R R S S R R R R R PR H RS
$ R R R RS R R E R F R B R R

COLE  SEGMENT PUBLIC ‘CODE’
NEARCODE PROC  NEAR
RFUN1S:

PUSH  EP

Mav EP, SP

MoV EX, [oP].DABER

HOW DI, [BX1.XPTR

SHL 0L,

SHL 0Lt

MoV 51, [BX1.NXPTS

EHL ¢hL

SHL 81, 1

ADD BX, &

Mav oX, BX

ADD bX, SI

FCOM  DMORD PTR EBX + D11

FSTSH  STHSAVE

FWAIT

Mav AX; STHSAVE

AND AX, 4100H

CHp AX: 0100H

JE LEFT_GF_START

RIGHT_OF_START:
AL
RSi:  CMP
JE

FCOM
F5TSH
FHAIT
HOV
AND
cHp
JE
cHP
JE

AOD
JMP
LIz B
SUg

1
DI, &1
L1

DHORD PTR {BX + D3
STHEAYE

AX: STHSAVE
AX, 41004
AXs O10TH
Lt

AXs ADOOH
L1

DI, 4
RS1

Sh 4
DI, 4

11

}SAVE REGISTERS
3GET START ADDRESS OF DATA STRUCTURE
i01 = ELEMENT INDEX

301 = BYTE INDEX = ELEMENT INDEX # 4
18I = HXPTS

181 = MO, CF BYTES=NXPTS # 4
}BX = START OF X ARRAY

;DX = START OF Y ARRAY
i COMPARE ARRAY ELEMEMT WITH XV

H MASK-IN COMPARISON BITS
3 EXIT IF XV { ARRAY ELEMENT
$IF X » DATA(ORIGINAL INDEX)
s¥¥# THEN BEGIN ###
5 IKDEX = INLEX + 4
HHILE (INDEX <{= M3, OF BYTES)

s OO BEGIN ##+
COMPARE ARRAY ELEMENT WITH XV

; MASK-IN COMPARISON BITS
; EXIT IF XV < ARRAY ELEMENT
i EXIT IF XY = ARRAY ELEMENT

: INDEX = INDEX + 4
i ## ERD (RHILE) ##¢

3



8025/87/32/185 MACRD ASSEMBLER

LIC OBl

0059 3BFE
(658 7453
005D EB32%0

0060

0060 83EF04
0043 33FFD0
0046 7CIE

0048 9BDE1L

0045 PRDDIENNN0

0070 9B
0071 A10060
0674 230041
0077 200009
078 7404
(07C 300040
()7F 7405

0031 83EF04
(og4 ERDD
0084 83FF00
(089 7006
NesE 83C704
DOZE EB25%0

0091

0091

0071 9D
(074 IROCES
{1097 SRDEL204
00%F YEDEF?
00SE 2704
0080 PB0901
00A3 PEDR4104
00A7 9EDEEL
00/R YBDECA
O0AD YBDECH
(0RO 3704
00B2 EBOR0

00BS

00B3 9BDODO
00B3 8703
(00BA 9BI9D1
(0BD 37D3

QORF

(0BF DIEF
001 DMEF
00C3 83EROR
. DOC6 8F3F

R

R

LINE

161
162
163
164
1863
166
167
168
169
170
in
172
173
174
173
175
177
173
179
130
181
152
183
124
183
184
187
a8
187
190
191
192
193
194
193
196
197
198
199
200
201
202
203
204
205
206
207
202
209
210
211
212
213
214
215

+2
+
+1
+1
+]
+2
+2
+2
+2
+1

R

FUNLS
SOURCE
cHe
JE
JHP

LEFT_OF_3TART:
SUR
51 O

JL

FCOM
FSTSW
FHATT
HOY
AND
cHP
JE
MR
JE

S8
JMp
Hi: oM
‘-}GE

ALD
JHP

FOUND_LOW_INDEX:

INTERPOLATE:
FLD
FSUB
FSUER
FOIV
XCHG
FLD
FLD
FSUB
FHLP
FADD
XCHG
JMP

CAIT_OF_RANGE:
FST
XCHG
FLD
XCHG

SAYE_NEW_XPTR:
SHR
SHR
cuB
M

[, SI
CUT_OF_RANGE
FOUND_LGH_INDEX

DI, 4
0
M1

DHORD PTR [BX + DII
STWSAYE

AYs STHSAVE
AX, 41004
AXs 0000H
Ht

AXy 4000H
Mt

oI, 4

LSt

DI, @
FOUND_LOM_IMDEX
oL, 4
GUT_OF_RANGE

DYORD PTR [RX+DI]
§T(1), 8T
DWORD PTR [BX+DI+4]

B, IX

DHORD PTR [BX+DI
DWORD PTR [BX+DI+41
ST, ST{D)

ST{2), 57

BX, X
SAVE_REH_XPTR

ST

BX, BX

DWIRD PTR [BX + DI
DX, BX

JUEES!
JUTHS
BX, 8
WORDH PTR [BX1, DI

12

03/30/84 FAGE

3 IF INDEX > MO, OF BYTES

H THEN CHIT_OF_RAMGE

H ELEE FOUND_LOW_INDEX

jaex END (IF) 3¢

$1F X < DATA(ORIGINAL INDEX)

s### THEM EEGIN #%x

: INDEX = INDEX - 4

$  WHILE (INDEX > O)

¥

H ##¥ DO FEGIM #¢
COMPARE ARRAY ELEMENT WITH XV

MASK~IN COMPARISCH BITE
; EXIT IF XV > £RRAY ELEMENT

H EXIT IF XV = ARRAY ELEMENT

; INDEY = INDEX - 4

H #x¢ END (WHILE} #4x
¢ IF INDEX > INDEX_MIN

i THEM FOUMD_LOW_INDEX
1

H ELSE GUT_OF_RENCES
sx¢ END{IF) 232

XY ALREADY OM TOP BY FLM PGH,
$STORE XL OM STACK TOP

$ (XV-XL) ON STACK BOTTOM
${XH-XL) ON STRCK TOP

3 {XV-XL)/{YH-XL) LEFT N STACK
$STORE YL ON STACK TOP

$STCRE YH OW STACK TOP
${YH-YL) ON STACK TOP

3 COV-XL)/(XH-XL) P OYH-YLION STRCK BOT
YV O STACK TOP(ANSHER)

DISCARD TOP OF STACK

$SAVE BOUNDRY Y VALUE

iDI=DL /4

$EX = XPTR LOCATION
$SAVE NEW XPTR



2026/87/88/186 MACRG ASSEMBLER

LCC CpJ

008
0008 30
¢aCe C20100

LINE

216
217
218
219
220
221
222
223
224
223
226
27

RFUNIE

SOURCE

EPILOGUE:
PoP
RET

NEARCODE

CODE  ENDS

EP

END?

RESTORE REGISTERS

08/30/84 PAGE

BRaaazassasssssaasszasazs izt dsss s sss st b it b i st Ea s sss sy s TS

END

ASSEMELY COMPLETE, MO ERRORS FOUND

13
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8024/87/88/164 MACRD ASSEMBLER

RFUHIL

03/30/84  PAGE

SERIES-111 @086/37/33/186 MACRD ASSEMBLER V2.0 ASSEMBLY OF MODULE RFINIL
OBJECT MODULE PLACED IH tF1:RFUNIL.OBJ

ASSEMELER INVOKED EBY:

Lo

0000
0092
0004
0008

0B LINE

D000 o~ U L0 Y e

—
o -

13

P N e e e
[ N A

—
)

O PR N

R D B b XEXY
W N P s b b

32
K]
24
K
3%
7
3
39
49
4
42
3
44
435
45
Ly
43
49
50

SOURCE

- e MR wa MA ME e WA um NE MR MR we W8 uy S8 WE we ME ue ME we YA ue e e aE

ASMARA, 84 1T 1IRFUNIL. SRC

HEFEEEEEHREF T LE AR CH IR LSRRI FLLAFEREH

# ROUTINE MAMED RFUNIL %
* DATE: AUG. 20, 1983 *
# PROGRAMMER’S NAME: MICHAEL HACKIN 3
# PURPOSE: 7O INTEFOLATE A GIMPLE %
# FUNCTION FOR LARGE-MODEL 3
* FROGRAMS. %

FEREFFREFFEERFEEFEFIRI IR R R

THIS SUBROUTINE QUTPUTS THE ESTIMATED VALUE OF A FUNCTION YV = F(XV)
BY INTERPOLATING FROM KNOWN SOLUTICN POINTS, USING THE RELATION
YU = ((XV-XL)/(OXH_XL)I(YL-YL) + YL WHERE

YV = ANSHER TO BE COMPUTED

XV = INFUT VALLE

XH = KNOWN HIGH X POINT

XL = KMOWN LOW X POINT

YH = KNGHN HIGH Y POINT

YL = KNOWN LOW Y POINT

INPUT REQUIREMENTS:
1) THE FOLLOWING ADDRESSES WILL BE PASSED TO THIS SUBROUTINE:
A. M TOP OF THE 8026 STACK:
THE ADDRESS (OFFSET THEW SEGMENT) OF A DATA AREA WITH
THE FOLLOWING FORMAT
DSTRUC  STRUC
YPTR Y iX ARRAY INDEX
IPTR Y 3Y RRRAY INDEX
NPTS ¥ $NO. OF ELEMENTS IN X ARRAY
NIPTS [ ? sNC. OF ELEMENTS IN Y ARRAY
YARRAY LD NXPTS DUP(?) 35X ARRAY
YARRAY ED NYPTS IUP(?) Y ARRAY

A e

-~

OSTRUC  ERDS

B. 2HD FROM THE TOP OF THE 8086 STACK:
THE ADDRESS OF THE MEMORY LOCATION WHICH HOLDS THE X
IHPUT YALUE

2) IT IS RERQUIRED THAT THE 8087 CHIP HAVE 2 EMPTY REGISTERS
HHEN THIS INTERPOLATION ROUTIME IS CALLED.

(WTFUT EFFECTS:
1) REGISTERS LESTROYED: AX, BX, CX, DX, DI, SI
2) INTERPOLATED RESULT RETURNMEDN CM TOP OF 8087 STACK
3) YPTR LOCATICH UPDATED TO INDEX X VALUE JUST PRECEDING XV.

14



8086/87/88/184 HACRO ASSEMBLER

Loc

0000
0002
0004
0004
0008
G02E

0000

0BJ

29?7?

LINE

3
2
33
o4
R
36
37
NE]
3
40
41
62
&3
¢4
£3
b6
a7
&8
&9
70
7
72
73
IL)
73
74
7
78
79
80
21
a2
83
84
83
85
87
g
g9
20
S
92
93
o4
25
9
97

99
100
101
102
103
104
105

REUNIL 08/30/84 PAGE
SOURCE

i EXAMPLE FORTRAN CALL:

H SUBROUTINE RTEST

i DIMEMSION XARRAY(7), YRRRAY(7)

; INTEGER XINDEX, YINDEX

i COMHOM /STUFF/XINDEX, ZINDEX, NXPTS, NIPTS, XARRAY, YARRAY
H DATA XIKDEX, ZINDEY,NXPTS,NIPTS/0,0,7,7/

i DATA XARRAY/0,0:1.0:2,0:2.0,4.0,5.0,6.0/

H DATA YARRAY/0.0,1.0,4,0,9.0,16.0,25.0,36.0/

i =15

i Y=RFUNIL (X, XINDEX)

i FRINT #, Y

3 END

;****&***ﬁ**§§*§*§*§§*********i****§********§*****i§*§i*****§*§*§***%*

NAME  RFINIL

CGROUP GROUP  CODE

[GROUP  GROUF  DATA
ASSUME  C3:COROUP, DS:DGROUP, ES:DGROUP
PUBLIC RFUNIL

R e s s s e s st E R T T TP T TR TeTTen
i STACK STRUCTURE

PARAMS  STRUC

OLDES IH ? $SAVED ES REGISTER

OLD.BP DM ? $SAVED BP REGISTER

OLL_DS W ? SSAVED IS REGISTER

RETURN DD 7 FRETURN ADDRESS (OFFSET ON TOP, THEM SEGMENT)
DADDR DD ? ADDRESS (F DATA STRUCTLRE (0FFSET, THEN SEGMENT)
Xv iy ? ADDRESS OF XV (OFFSET, THEN SEGMENT)

PARAMS  ENDS

}**************{****************ﬁ*********§§******§*******************
;**!***§*§§§§*§*§§§********#*******i**%***&***#**********&******i*****

DATR  SEGMENT FUELIC ‘DATA’
STHSAVE D ?
DATR  ENDR

;*&*********}****i**{*****!**************ii********ﬁ*****!***i********
;********§§*******§*****ﬁ********!*****%**iﬁ*******i*§*§*§***¥*******}

CODE  SEGMENT PUBLIC “CODE’

FARCODE PROC  FAR

15
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8036/87/68/186 MACRO ASSEMBLER  RFUNIL 08/30/84 PAGE

LiC GBd LINE SOURCE
106
0000 107 RFUNIL:
0000 1E 108 FUSH DS 3SAVE REGISTERS
0001 55 107 PUSH EP
0002 06 110 FUSH ES
G003 8BEC 111 M BP, 5P
G005 EB~——- R 112 Y AX» DATA
0003 8ECO 113 MV ES, AX
000 CSSEOE 114 LOS BYX, [BR1.XV $GET XV ADDRESS AND SEGMENT
000D 980907 115 FLI DUORD PTR [BX1 $PUT XY ON TOP OF 8057 STACK
0010 COSECA 11é LDS BX, [BP1.DALDR $GET START ADDRESS OF DATA STRUCTURE
6013 8B3F 117 MY b1, [BX1.XPTR 301 = ELEMENT IMDEX
G015 DIE7 t1g SHL DI, 1
0017 DIE7 119 SHL DI, 1 sDI = BYTE INDEX = ELEMENT IMDEX * 4
0019 €B7704 120 MOV SI, [BXI.NXPTS 181 = NXPTS
001C DIES 121 SHL 50, 1
001E DIES 122 SHL SI, 1 381 = N0, OF BYTES=NXFTS * 4
0020 330308 123 ADD BX, 8 $BX = START OF ¥ ARRAY
0023 8BD3 124 Moy DX, BX
0075 9305 125 ADD b, SI ;DX = START OF Y ARRAY
0027 9BO311 126 +2 FCOM DWORD FTR [BX + D11 H COMPARE ARRAY ELEMENT WITH XY
002/ PEZADD3ECO00 R 127 +1 FATSH  ES:STHSAVE
0030 9B 128 +1 FRAIT
0031 26A10000 R 129 +1 MOV AY, ESiSTHSAVE
0035 250041 130 +1 AN AY, 4100H H MASK-IN COMPARISON BITS
0033 300001 131 +2 [Ny AX, 0100H
(O3F 7434 132 +2 JE LEFT_OF_START H EXIT IF XV { ARRAY ELEMENT
133 +2
124 +1
135 sIF X > DATA(ORIGINAL IKDEX)
0030 134 RIGHT_OF_STERT: s##¥ THEN BEGIN ##%
(03D 83C704 137 ALD pl, 4 ;  INDEX = INDEX + 4
0049 35FE 133 RS1: M bl, §1 1 WHILE {INDEX <= ND. ©OF BYTES)
0042 7420 139 JE i1 H
149 H ¥¢ DO BEGIN 8%
0044 9BIB11 141 +2 FCOM DWORD FTR (BX + DI H COMPARE ARRAY ELEMENT WITH XV
(047 9E26DO3EGO00 R 142 +1 FATSY  ES:STHSAVE
(04D 9B 143 +1 FRAIT
O04E 26R10000 R 144 +1 MoV fi¥, ESISTHSAVE
0032 230041 145 +1 AND fX, 4100H H MASK-IN COMPARISON BITS
0033 30000t 146 +2 CHP &Y, 01004
(058 740A 147 +2 JE Li H EXIT IF XV < ARRAY ELEMENT
0058 300049 148 +2 CHP £X> 40004
(OSh 7469 149 +2 JE BREAKFOINT H EXIT IF XV = £RRAY ELEMENT
150 +t
(0SF 83C704 151 ADD 0l 4 H INDEX = INDEX + 4
(062 EBOC 152 JHP F51 H ##¢ END (WHILE} ##
(054 B3EE04 133 L1z SR 5l 4 H
0047 83EFG4 154 SUB bl 4 3
(06A 3BFE 195 cHP DI, 51 s IF INODEX > MO, OF BYTES
006C 7454 136 JE OUT_OF _FANGE H THEN OUT_OF_RANGE
004E EB34%0 197 JMP FOUND_LOW_INDEX H ELSE FOUNDLLOW_INDEX
158 seek END (IF} s
159 sIF X < DATA(CRIGINAL INDEX)
0071 160 LEFT_OF_START: s¥#% THEM BEGIN ###

16



8084/87/63/186 MACRO ASSEMBLER

LOC OB
0071 G3EFO4
0074 83FFQ0
0077 7C20

0079 9BDS1

0G7C 9B26DD3E0000

0082 9B

0033 26/10000
0087 230041
0034 300000
0080 7408
Q08F 300040
0092 7434

0094 B3EF04
(037 ERDB
Q099 S3FFO0
00%C 7006
QO9E 83C704
20A1 EBZ590

00R4

00A4

00A4 9RD701
00A7 FBOCED
00AA BOBL04
(0AE 9BLEF9
00BL 870A
(03 SRN501
(0BG 9BD94104
00BA 9BD3E1
GOBD YBOECA
Q0CO 9BDECY
(0C3 8704
00C3 EBOB?0

00cs

ooce

(0C3 9BDDDA
QOCB 8703
Q0CTH SRD701
Q0D0 8703

0on2

(0D2 DIEF
0014 DIEF
00D6 83ERCE
0002 833F

00DR

0CIB 07
(OLC S
QOLD 1F
00DE CA0300

R

R

LINE

161
162
143
164
143
166
167
168
169
170
171
172
173
174
175
174
177
178
179
130
181
182
183
184
163
18
187
188
189
190
9
192
193
194
195
194
197
198
199
200
201
202
203
204
203
206
207
208
207
210
21
212
213
214
215

+2

+
+
+
2
+2
+2
+2
+

SR
LSt:  CHP
JL

FooM
FSTSH
FHAIT
HOY
AND
CHP
JE
CHp
JE

SUB
JHP
M: o
JGE
ADD
P

FOUND_LOW_INDEX:

INTERPOLATE:
FLD
FSuB
FEUBR
FoIv
XCHG
FLD
FLD
Feug
FMULP
FADD
XCHG
Jp

BREAKPOINT:

OUT_OF _RANGE:
FSTP
XCHG
FLD
XCHG

SAVE_NEW_XPTR:
SHR
SHR
SUB
HOV

EPILOGUE:
pPoP
poP
PP
RET

DI, 4
b, 9
ni

DWORD PTR [BX + DIJ
ES: STHSAVE

AXs ESISTHSAVE
AXs 4100H

AXs QO00H

Mt

AXs 4000H
BREAKPOINT

DI, 4

LSt

pL, 0
FOUND_LOH_INDEX
oI, 4

OUT_OF _RANGE

DWORD PTR {BY+DI]
ST(1), ST
[WORD PTR [BY+DI+4]

BX, OX

[WORD PTR [BY+DI]
DWORD PTR [BX+D1+4]
ST, STi1)

ST(2), 8T

BX, DX
SAVE_NEW_YPTR

ST

DX, BX

DHORD PTR [BX + DI3
bX, BX

DL 1
BL
BX, 8
HORD PTR [BX1, BI

ES
BP
bs
3

17

02/30/84 PAGE

INIEX = INDEX - 4
HHILE (INDEX > 0)

#+# DO BEGIN ##x
COMPARE ARRAY ELEMENT WITH XV

i MASK-IN COMPARISON BITS
3 EXIT IF XV > PRRAY ELEMENT

} EXIT IF XV = ARRAY ELEMENT

H IHDEY = INDEY - 4

; #ad ENDE (WHILE} 28
3 IF INDEX & 0

; THEN FOLIND_LOM_INDEX

ELSE QUT_OF _RANGES
sHEE END(ID) #%#

$STORE YL ON STACK TOP
${XV-XL} ON STACY BOTTOM

3 (XH-YL) ON STACK TOF
${XV=YL)/(XH-XL) LEFT ON STACK

$STORE YL OM STACK TOP
1STORE YH ON STACK ToP
${YH-YL) ON STAZK TOP

FCOXV=XL)/(XH-XL) ) (YH-YL)ON STACK BOT
5YV O STACK TOP{ANSYUER)

$DISCARD TOP OF STACK
$SAVE BOUNDRY Y VALLE

iDI=D1/4

$BX = XPTR LOCATION
$SAVE NEW XPTR

$RESTORE REGISTERS

4



8084/87/88/186 MACRO ASSEMBLER  RFUNIL

LoC 0BJ LINE

216
217

ASSEMBLY COMPLETE, MO ERRORS FOUMND

SOURCE

FARCODE ENDF

COLE  ENDS

(8/30/84 PAGE

3 33 AR RN FE R EERERHIHR R HER N H TR
§FERFFEE RO RN I R B RO R R R

END

18
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8086/87/83/18% MACRO ASSEMBLER

RFUN2S

SERIES-1I1 80R6/37/83/186 MACRO ASSEMBLER Y2.0 ASSEMBLY GF MODULE RFUN2S
0BJSCT MODULE PLACED IN :F{:RFUN2S.0RJ

ASSEMBLER INVOKED BY:

LOC GRS

G000
4002
0004
0004

LINE

SO 00 SN O AN B 02X B s

e

t-
AL

O
DA, I S )

[ BOTRTS BTL I S I J0 B U U 0]

LSh)

D B I AN B R = Y S W .

[

SRR

SOURCE

e un wa wa wa wa

“a

-~ e

ME uB ME we GUE uE we e ea ME ue ww

WE M UE ve we wE we we e s

A3M3L, 86 F1:RFUNZS,SRC

05/30/84 PAGE

FREREFRHHHAERER B IR E R R R R R SRS S H IS

# ROUTINE MAME: RFUNZS #
* DATE: AUG, 27, 1983 *
# PROGRAMMER’S NAME: MICHAEL MACKIN ¥
# PURPOSE: TO INTERPOLATE A SIMPLE *
¥ FUNCTION FOR SMALL-MODEL ¥
¥ PROGRAMS *

FRHEHRHER R R F R R

THIG SUBROUTIME OUTFUTS THE ESTIMATED VALUE OF A FLRCTION W = F(XV,IV)
BY INTERPOLATING FROM KNOWN SOLUTIOM POINTS, USING THE RELATIONS

YL = ((XV-XL)/(XH-XL) ) (YB-YA) + YA
Y = ((XV-YL}/ (XH=XL)MCYD=YC) + YT
YW= ((ZV-IL)/{TH_IL) MYH-YL) + YL

INFUT REGUIREMENTS:

1) THE FOLLOWING ADDRESSES WILL BE PASSED TO THIS SUBROUTINE:
A. ON TOP OF THE 8084 STACK:
THE ADLRESS (CFFSET) OF A [ATA AREA WITH THE FOLLOWING

FCRMAT
[STRUC  STRUC

XFTIR M
IPTR DM
HXPTS  DH
HIPTS D
ZARRAY 0D
XARRRY LD
YARRAY DD

OSTRUC  EHDS

D

-~

?

HIPTS DUP(?)
NXPTS BUP(7)
HYPTS HP{7)

B. ON THE 8087 STACK:
ON TOP 7V, THEN XV

(o]
~—

X ARRAY INGEX

11 ARRAY INDEX

RO, OF ELEMENTS IN X ARRAY
iN0. CF ELEMENTS IM 7 ARRAY

i1 ARRAY (295 ELEMENTS MAXIMUM)
X ARRAY

;Y ARRAY

IT IS REQUIRED THAT THE S087 CHIP HAVE S EMPTY REGISTERS

HHEM THIS INTERPOLATIOM ROUTINE IS CALLED,

(25}
—

NOTE: NO THO ADJACENT ELEMENTS OF XARRAY GR YARRAY MAY HAVE

IDENTICAL ELEMENTS. THIS WILL RESULT IN DIVISIGN BY ZERO.

QUTPUT EFFECTS:

1) REGISTERS DESTROYED: AX. BX, CX, DX, DI, SI

2) INTERFOLATED RESULT RETURMNED OM TOP 0F 3087 STACK

3)XPTR LOCATION UPTATED TO INDEX X VALUE JUST FRECEDIMG X,
IPTR LOCATICN UPDATED TO INDEX Z VALUE JUST PRECEDING ZV.
(TO SFEED FUTURE SEARCHES FOR X AND 7)

EXAMPLE FL/M CALL:

19
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3024/87/88/186 HACRD ASSEMELER

Lot 0Bl

0000

LINE

3t
b
NX]
54
73
%
97
38
P
&0
b1
62
63
64
45
b
47
&8
69

-
AL

71
72
73
74
73
74
77
78
79

20
91

73
24
9%
96
o7
o3
100
101
102
103
104
103

RFUNZS 03/30/34 PAGE

$SMALL
TSTRGM: D03
/% THIS IS A FROGRAM TO TEST ROUTINE RFUN2S #/

DECLARE DSTRUC STRUCTURE (
XINDEY INTEGER, IINDEX INTEGER, MXPTS INTECER, MIPTS INTEGER,
IARRAY(3) REAL. XARRAY(D) REAL, YARRAY(15) REAL) PUBLIC
INITIAL (
/% XINDEX #/ 0,
f# TINDEX #/ Oy
/% NXPTS #/ &y
/% NIPTS #/ 3,
/¥ IPRRAY #/ 0,0, 10.0, 20.0,
/# XRRREY #/ 0.0, 2.0, 4.0+ 6.0y 3.04
/% YARRAY #/ 0,0, 2,0, 4.0, 6.0, 8.0,
10,0, 12,0, 14,0, 16.0, 18.0,
20,0, 22,0, 24,0, 26,0, 28.0 )3

wn ME wm e wa WA we e um NE ue we we

RFUNZS: PROCEDURE(X,Z,STRUC_ADDR) REAL EXTERNAL;
DECLARE X REAL:
DECLARE Z REAL;
DECLARE STRUC_NDDR POINTERS

END' RFUNZS3

FUNFGM: PROCEDURE PUBLICS

DECLARE I INTEGER:

DECLARE (X:Z,Y) REALS
X=L%
I=12.0
Y = FFUNZ3{X,Z,@D5TRUC):
CALL PRINT_ANSHERS

END:

END FUNPGHS
END TSTPGH:

»
7
.
?
.
K
N
k]
.
¥
N
?
.
?
z
1
.
¥
.
7
.
b
3
k]
.
?
I3
b
.
b
.
1
.
?
.
?
.
1
»
1
v
1
.
1
.
3
3
¥
)
¥
.
)

S REFERFRRAE R IR ERFFFRERE TR R IR R R AR AR AL FRHRHE R RRRRRHRRE

NAME  RFUN2S
CGROUP  GROUP  CODE
DGROUP  GROUP  DATA
ASSUME  C5:CGROUP, DS:DGROUP .
FUBLIC RFUN2S
PERRRHE PR R R R R R
i STACK STRUCTURE
PARAMS  STRUC

OLD_BP W ? $SAVED BP REGISTER

20
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8024/57/83/186 MACRD ASSEMELER

Lo oBd

0002
0004

000 2227

0000

0000

6000 55
0001 SBEC
0003 3B0E04
0004 9803
0003 &80F
CO0A SREFO4
(00D 8B7F(Z
0010 DIE7
0012 DIE7
0014 8B7705
(017 DIEA
0019 DIES

GO1B

001B 83C308

Q01E 9BOR1L

0021 9BDDZECO00 R
0026 ¢B

6027 AL10000 F
0024 250041

0020 300001

4030 7432

0033

0032 930704
Q035 3BFE
0037 7419

LIKE

106
107
108
109
110
1
112
113
114
1135
116
117
118
119
120
121
122
122
124
125
126
127
123
129
130
121
132
13
134
133
136
137
132
13%
140
141
142
143
144
143
144
147
143
149
180
131
152

153
154
153
156
157
158
139

+2
+]
+1
+
+1
+2

+2

RFUNZS 08730/
SOURCE

RETURN i ? sRETURN ADDRESS

DADCR W ? JAODRESS OF DATA STRUCTURE

PARAMS  ENDS

R R S R
DATA  SEGMENT PUBLIC /DATA’

STHSAYE TW ?

DATR  EMDS

PR R R A S R SR R R R S F R SR RS H
PR R S E R RS B SRR B R S SRR

CODE  SEGMENT PUBLIC /CODE’

[oa]

4 PRGE

REARCODE PROC  HEAR
RFUM2S:
$SAVE REGISTERS
FUSH  RP
HV BP, P
M BX. [BP1.DMDER 3CET START ADDRESS OF DATA STRUCTURE
HY DX, BX $SAVE BX
HW €Y, [EXLXFTR ;CX = XPTR
Hav BP, [BX1.NXPTS $EP = HXPTS
HaY DI, [BXL.IPTR $OI = ZFTR
SHL bI, 1
SHL 0Lt DI = BYTE INLEX = ELEMENT INDEX # 4
M SI, [BX1.HIPTS i8I = NIPTS
SHL Shot
SHL S 351 = N, OF BYTES = NIFTS # 4

GET_Z_INDEX:

ADD BX, & sBX = START OF Z ARRAY
FCOH DWORD PTR [BY + [ 5 COMPMRE ARRAY ELEHENT WITH 7V
FSTSH  STHSAVE
FUAIT
Hv AXs STHSAVE
OND fYs 4100H 5 HASK-IN COMPARISON EITS
tHP AX: 01004
JE LEFT_OF_Z_START 3 EXIT IF 2V { ARRAY ELE
MENT
yIF 7 2 DATA(CRIGINAL IHDEX)
RIGHT_OF_Z_START: s#e¥ THEM BEGIN ###
ADD oI, 4 3 INDEX = INDEX + 4
RISt:  CMP bI, SI i WHILE (IMDEX {= NO. OF BYTES)
JE RIS2 H
: #4¢ OO BEGIN ###

21



£034/87/28/1846 HACRD ASSEMBLER

LOC OBRJ LINE
0039 9BDSIL 1460
1030 PEDDZENOGD R 161
0041 R 162
0042 A10000 R 163
(045 250041 164
(043 300001 145
0048 7405 144

167
004D 830704 148
0050 EEE3 169
0052 BBCA 170
0054 200400 17
057 8ZEF04 172
J0SA 3EFS 172
005C 7540 174
GOSE PRDDD3 175
0041 ERABSO 174

177

172
0054 179
0044 QICF04 180
0047 8FFOO 181
M0eA 7C1E 182

183
004C 9BDS11 184
00&F 9BONENGNY R 189
0074 9B 184
0079 A10000 R 187
0078 250041 163
0078 300099 169
(O7E 740A 190
0050 30049 191
0082 7405 192
0033 82EF04 193
0043 EBDD 193
00ZR A3FFO0 193
G08D 7DOF 196
008F 230704 197
(092 YEDDDS 198
0095 9B09EE 199
0?8 9BDOCY 200
0098 EB1190 201

202

203
Q00%E 204
009E 980901 205
GOA1 9BDCE? 206
00A4 9BD34904 207
(0AS SBDEFY 208
00AB 7BDCY 209

210
NDAE 211
OCAE 03DE 212
00BO 87F% 213
00B2 DIE7 214

+2
+1
+
+
+
+2
+2

2

2
+
+
+
+
2
+2
+2
2

RFUNZS

SOURCE
FCO  IHORD PTR [BX + DID
FSTSW  STHSAVE
FHAIT
MY AX, STHSAVE
AR AX, 4100H
CHe A, 0100H
JE RI52
ADD oI, 4
JHP RZ&1

R182: MW AX, SI
SUB fX 4
SUB DI, 4
cup bI, AX
JNE FOUMD_LOW_Z_IRNDEX
F3TP ST(D)
P (GET_X-IKDEX

LEFT_OF_Z_START:

suB DI, 4

LI51:  CMP 5L, 0
Ji L1852
FCOM  DWORD PTR (BX + DI
FATSW  STHSAVE
FHAIT
MoV AX, STHSAVE
AND AX, 4100H
cHe RYs 0000H
JE L182
cep AXs A000H
JE L1282
SR bL, 4
Jup Lz51

LI82: CHP BI, 9
JGE FOUND_LOW_Z_INDEX
ADD DI, 4
FSTP ST(O)
FLDZ
FXCH  ST(1)
JHp GET_X_IMDEX

FOUND_LOW_Z_INDEX:

FLD DHORD PTR [BX+DI1
FSUB  ST(1), ST
FSUBR  DWORD PTR [BX+DI+41]
FDIV
FXCH ST
GET_X_INDEX:
ALD BX, ¢8I
XCHG DI, CX
SHL bL

22

08/20/84 PACE

; COMPARE ARRAY ELEMENT WITH ZV

H MASK-IN COMPARISON BITS
H EXIT IF IV { ARRAY ELEMENT

INDEX = INDEX + 4
#a% ENI (WHILE} ##»

3 IF INDEX > MO. OF BYTES

; THEH FOUND_LON_INDEX

3 ELSE OUT_OF_RANGE

s#ex ENDV (IF} #e

11F 7 £ DATA(ORIGIMAL INIEX)

ja¥e THEM BEGIN #2#

3 INDEX = INDEX - 4

3 WHILE (INDEX > O)

H #£¢ DO BEGIM #x¢

; COMPARE ARRAY ELEMENT WITH ZV

H MASK-IN COMPARISOM BITS
H EXIT IF IV > ARRAY ELEMENT

H EXIT IF IV = ARRAY ELEMENT
H INDEX = INDEX - 4
i ##% END (WHILE} ¢
3 IF INDEX G 0

H THEN FOUND_LOW_INDEX
i ELSE QUT_GF_RANGE

REPLACE TOP WITH O
FUT XV ON TOP OF 8087 ST.

s#re ENDCIFY #3%

$STORE ZL ON STACK TOP
3{ZV-IL) 2ND FROH TOP

${ZH-IL) OM STACK TOP

3 (IV-IL)/(TH-IL) LEFT ON STACK
$PUT XV ON TOP OF 2087 STACK

3BX = START OF XARRAY
;DI = XPTR ¢ CX = LOW_Z_INDEX



B8086/87/83/18¢ MACRO ASSEMBLER  RFLN2S 08/30/88 PAGE S

LOC 0B LINE SOURCE
00B4 DIE7 215 SHL DI, ¢ ;DI = BYTE INDEX = XPTR + 4
00B6 87FS 216 XCHG  SI, BP 351 = NXPTS
¢G0S DIES 217 SHL S 1 3
00BA DIES 218 SHL Sho 1 351 = NO. OF X BYTES = MYPTS » 4
LU I 219 +2 FCUM  DWORD PTR [BX + DII 3 COMPARE ARRAY ELEMENT HITH XV
OCEF SEDDIECOOO R 220 +1 FSTSH  STHSAVE :
004 9B 21 H FUAIT
00CS R10000 R 227 + M AX> STWSAVE .
00Cs 250041 223+ AND AX: 4100H i MASK-IN COMPARISON BITS
GOCB 300001 224 ¥2 CHp AY, 01004
(0CE 7432 223 42 JE LEFT_OF _X_START ; EXIT IF XV < ARRAY ELE
HENT
226 42
227 iIF X > DATA(GRIGINAL INDEX)
0000 223 RIGHT_OF_X_START: j##% THEN BEGIN ##¢
0000 830704 229 ADD DI, 4 i INDEX = INDEX + 4
G0D3 3BFE 230 RX51:  Cp bI. SI i HHILE (IMDEX {= NO. OF EYTES)
003 7419 23 JE RXs2 i
232 H 4 [ BEGIN ###
0007 SRDS1Y 233 +2 FCOM  DWORD PTR [BX + DII ; COMPARE ARRAY ELEMENT WITH xv
(0DA PHODIE0DO0 R 234+ FSTSH  STHSAVE
GODF 9B 233+ FHAIT
QOED A10000 R 236 +1 my AX: STHSAVE
((0E3 250041 237 +1 ANDH A 4100H H MASK-IN COHMPARISON BITS
Q0Eh 300001 233 +2 cHP AX, 01004
(OEY 7405 237 42 JE RXS2 H EXIT IF XY < ARRAY ELEMENT
240 42
O0ER 83C704 241 ADL 01, 4 H INDEX = INDEX + 4
(OEE EEE3 242 JHP RYS1 ; & END (WHILE} ##
OOFQ 2BLS 243 RXS2: Moy AXs SI ;
00F2 200400 244 Su AY. 4 ;
D0F2 Q3EF04 245 SUB oI, 4 H
(0F3 3BFS 246 cMp DI, AX i IF INDEX O MO, OF BYTES
0OFA 733D 247 JHE FOUND_LOW_X_INDEX H THEW FOUND_LOW.INDEX
0UFC BDI03 243 FSTR  5T(0) H ELSE QUT_CF_RANGE
O0FF EB4390 249 JMP GET_YL H
253 Ter% EMD (IF} 45
)| 1IF X < DATACORIGINAL INDEX)
0102 2 LEFT_OF_X_START: s#re THEM BEGIN ##%
0102 £3EF04 252 sig DI, 4 ; INDEX = INDEY - 4
0103 33FF00 4 LXSi:  CMWP b, 0 3 WHILE (INDEX > 0)
0108 7CIE 233 JL LXs2 i
236 3 #4¢ [0 BEGIN ###
0104 9BORLL 237 +2 FCOH  DWORD PTR [BX + DIJ j COMPARE ARRAY ELEMENT WITH XV
010D ¥BOE3EG00D R 238 +1 FSTSH  STHSAVE
0112 9B 259 +1 FWAIT
0113 A10000 R 280 +1 MOy AXs STHSAVE
0114 250041 261 +1 ARD AX, 4100H i HASK-IN COMPARISON BITS
0119 300000 262 +2 cHp AXs 0000H H EXIT IF XV > ARRAY ELEMENT
O11C 7404 263 +2 JE LX§2
OL1E 3D0240 2t4 42 cHp AXs 4000H
0121 7405 265 +2 JE LX§2 ; EXIT IF XY = ARRAY ELEMENT
0123 83EFQ4 266 SUB Bl 4 H INDEX = INTEX - 4
0124 EBDD 247 JHP LX51 i 4 END (HHILE} %4
0128 82FF00 268 LYS2:  CHp BI, 0 i IF INDEX O 0

23



808¢6/87/38/1945 MACRO ASSEMBLER

Lo oBg

012B 700C

4120 336704
0130 FELODS
0173 GBDSEE
0134 EBOESO

0139

0139 9EDY0L
013C SBDCE?
013F 9BDA6904
0143 SEDEFY

0144

0144 O2LE
0143 BECH
0144 DIEB
014C DIER
014E FAEL

0130 O3P8
0152 030F
0154 520507
0157 &eC?
0139 30400
015C 3RCH
O13E 7419
0160 SRDOCY
0163 98094704
0167 9BDSEZ
01€A 9EDECY
014D 9BDEC2

0170
8170 8801
0172 050400
9175 38CS
0177 750F
0179 2BC7
0178 050400
017E 3BCh
0180 7424
(162 9BDID3
0185 EBZ550
0188 03IE
018A SEDO7
018D 85C7
CLEF 050400
0192 38C6
0194 740D
0194 SED94704
0194 9BDSEL
0150 9EDECA

LI

269
270
71
272
273
274
273
274
277
272
279
280
281
232
292
284
285
234
287
283
259
290
91
292
293
294
293
294
297
92
299
00
301
02
303
k%l
305
06
07
308
309
310
31
212
313
314
315
3é
317
318
319
320
321
322
KPx]

RFUNZS

SOURCE

JGE
ADD
FSTP
FLDZ
JHP

FOUND_LOH_X_THIEX
oL, 4
5T(0)

GET_YL

FOUND_LOW_X_INCEX:

GETYL:

GET.YH:

GYHE:

FLD
FEUB
FEUER
FDIV

AR
Moy
SHR
SHR
HUL

ADE
ADD
FLD
MV
AT
Cue
\.'E
FXCH
fLp
FEUE
FRUL
FADL®

MY
ADD
CHF
JRE
MOV
ALD
CHP
JE
FSTP
JHP

ADD
FLD
RV
ADD
cp
JE

FLD
FElB

FUULP

[HORD PTR [BX+DI3
ST, 57
IWORD PTR [EX+DI+4]

BYX»
AXy
AX,
£Xs
cL

b 0 OD
—

RX, 8X

BY, DI

DHORD PTR [8X]
AXs I

AY, 4

Ax, Sl

GET_YH

ST

DWORD PTR [BX + 4]
8T, §T(2)

3T, ST
ST{2), ST

AX, CX
AX. 4
AxX, B
GYHt

AX, DI
AX, 4
AXs St
FOUND_YV
ST
FOUND_YV

BX, 81

DWORD PTR [BX]

RX: DI

Ax, 4

X, 81

GET_YV

DHCRD PTR {BX + 4]
ST, ST{1)

8T(2), &7

24
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H THEN FOUND_LOW_IMDEX
i ELSE DUT_OF_RANGE

: FEPLACE TGP WITH 0
reee END(IF) ¥4

sSTORE XL (% STACK TOP
$(XV-XL) ON STACK EQTTOM

3 (XH-XL) (M STACK TOP
PIXY-XL)/(XH-XL) LEFT ON STACK

1BX
TAX

START CF YARRAY
M. OF X BYTES

JRY = NXPTS = NO, OF ¥ BYTES / 4

$AX = YA ROW OFFSET

$THE AVOVE INSTR. LIMITS LENGTH OF IARRAY
170 25% ELEMENTS

1BY = YA ROW PTR = NXPTS # IPTR

JBX = YA POINTER

$STORE YA OM ST TOP

SEXIT IF XY PAST BCUNDRY
$(XV-XL)/{XH-XL) OM TOP, THEN YA
$STORE VB O ST, TOP

F{YB-YA) ON ST. TOP
 LOXV=XL)Z4XH-XL) M (YB-YR) ON ST TOP
1YL ZND FROM TOP OF STACK

$IF (Z_POINTER TO0 BIG)
sexe i) REGIN #2#

3 IF (X_FOINTER TGO BIG)

i THEN EXIT

H ELSE DISCARD JUNK
H AND THEM EXITS
jexx END {IF} ##2

}BX = YC POINTER

JSTORE YC ON STACK TOP

SEXIT IF XV PAST BOUNDRY

$STORE YD ON STACK TOP

$YD-YC ON ST TP
FOOV-XL)Y/CXH-XL)Y M EYD-YC) 24D FROH TOP



8085/87/38/186 MACRO ASSEMBLER

LY LINE
0140 FBIECH 324
325
01A3 0%
0113 SBDEEL 27
0144 9BIECA 328
91A9 FEDECH 329
320
o1hc 31
018 e,
DIAC SEDA 3
O1AE DIEF el
01B0 DIEF 335
0182 893° 3%
01B4 DIE? 337
0186 DIE? 338
01B% 894F02 339
340
01EB a1
01BB 50 32
O1RC £20100 3
304
s
M4
S 37
38
9
350
%51
352

RFUN2S

S0URCE
FADD
GET.YV:
FSuR
FHULF
FABD

FOUND_YV:

5T, ST(Y)
§T(2), 8T

SAVE_NEW_POINTERS:

MV
SHR
SHR
Moy
5HR
SHR
MoV

EPILOGUE:
POP
RET

HEARCODE

COLE  ENDS

BX, DX

0L, 1

BI, 1
[BX1.XPTR, DI
X 1

Cx 1
[BX1.ZPTR, CX

BP
1

ENDP

3YH ON TOP OF 9087

08/20/64 PAGE

7YH TOP, THEM YL, THEN SLOPE

IYH-YL ON ST, TOP

FUZY-TLY/(ZH=-IL) ) (YH-YL) ZMD FROM TOP

1YV ON 5T, TOP

1SAVE XPTR

1SAVE IPTR

$RESTORE REGISTERS

T RERE R R R AR R AR AR R EFFF B SR ERE RSB E PR R EF A AR RS ER PR RAF LS4
§EE R R R R R R R N R R R S R R R R R

END

ASSEMBLY COMPLETE, KO ERRORS FOUND
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8036/87/83/186 MACRO ASSEMBELER

RFUNZL

08/30/84 PAGE

SERIES-111 8086/37/83/186 HACRG ASSEMBLER V2.0 ASSEMBLY OF MODULE RFUMZL
OBJECT MODULE PLACED IN :FI:RFUNZL.OBJ

ASSEMILER IMVOKED BY:

0000
0002
004
0006

LINE

OGN D LA B DR e

oo

rat

DY QD LY Ry B R PO
'r’(}-—(bu:’-cc- 2 o~

[P VA ]
AL

Gy e G L
00 sy o

YRR

R R
B = D

13
84
45
i
47

4
20

SOURCE

we uw SE aa ME MR wa e Ma S8 wa ME we we MR wa ME we NE we e

~e “e

T L L )

—e uw e

ASH34.86 tF1IRFUNZL.SRC

FEREEFFEFEFRARERHE R R FEE R R BRI

# FOUTINE NAME: RFUNZL #
# DATE: SEP. 1, 19€2 ¥
# PROGRAMHER’S NAME: HICHAEL HACKINM 4
# PURPQSE: TO INTERPOLATE A SIMPLE ¥
4 FUNCTION FOR LARGE-HGDEL #
* PROGRAHS ¥

FEFFELEFFREERREEFHEREREE IR FE SRR R RIS

THIS SUBROUTINE CAITFUTS THE ESTIMATED VALUE OF A FLRCTION YV = FUXV,ZV)
Y INTERPOLATING FROM KNOWN SOLUTION POINTS, USING THE RELATICHS

YL = ((XV-XL}/{XH-XL) ) (YB-YA) + YA

YH = ((XV=XL)/(XH-XLYMCYD-YC) + YO

YW= ((ZV-TLI/(ZHZL ) (YH-YL) + YL

IHFUT REQUIREMENTS:
1) THE FOLLOWING ADDRESSES WILL BE PASSED TO THIS SUERCUTINE:
A. ON TOP OF THE 80846 STACK:
THE ADDRESS (OFFSET) OF A DATA AREA WITH THE FOLLOWING
FORMAT

DSTRUC  STRUC

PR DY ? ;X ARRAY IMDEX
IPTR  d ? 31 ARRAY IMDEX
HCPTS M ? $N, OF ELEMENTS INH X ARRAY
NIPTS DM ? iM0. OF ELEMENTS IN I ARRAY

IARRAY D HIPTS DUR(?) 11 ARRAY {255 ELEMENTS HAXIHUM)
XARRAY LD HXPTS DUP(7) X ARRAY
YARRAY LD HYPTS DP(7) iY ARRAY

[STRUC ENDS
B. MNEXT OH THE §084 STROK:

THE ANDRERS CF THE MEMORY LOCATION WHICH HOLDS THE X
INPUT VALLE,

ra
~

j IT 1§ REGUIRED THAT THE 8087 CHIP HAVE O EMPTY REGIGTERZ
YHEN THIS INTERPOLATION ROUTINE IS CALLED.

3) NOTE: MO TWO ADJACENT ELEMENTS OF XARRAY OR YARRAY MAY HAVE
IDENTICAL ELEMEMTS, THIS WILL RESULT IN DIVISION BY ZERO.

(UTFUT EFFECTS:
1) REGISTERS DESTROYED: AX, BX, €X, DX, DI, SI
2) INTERPOLATED RESULT RETURNED OM TOF OF 8087 STACK
3) XPTR LOCATION URDATED TO INDEX X VALUS JUST PRECEDING XV.
IPTR LOCATION UPDATED TO INDEX 7 VALUE JUST PRECEDING ZV.
{TO SPEED FUTURE SEARCHES FOR X AND Z)
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2024/07/53/184 HACRO ASSEMBLER

LeE

0000
0002
0004
0004
D004
000E
0012

oad

M9

LINE

73

84

8
a9
90
91
92
93
9%
95
%
97
99

100

101

102

103

104

105

RFUNZL 08/20/64 PAGE

SOURCE
EXAMFLE FORTRAN CALL
SUBROUTINE TEST

DIFMENSION XARRAY(S), ZARRAY{3), YARRAY(IS)
INTEGER YIMGEX, ZIMDEY, HXPTS: NZPTS

or ue we un e

[ATA XINDEX, ZINDEX,NXPTS:NIPTS/0,0,5,3/
DATA ZARRAY/0.0,10,0,20,0/
DATA XARRAY/0.0,2.0,4,0,6,0,8.0/

¥=2.5
1=12.9
Y=RFUM2L (X, 7, XINDEX)
PRINT #, ¥

END

w8 wm B we B ue we wm Me un

PR R AR R R R SRR R SRR R R I B LSS AR RIS RSB F SRR R AR RS FEBEBEE

HAME  RFUNZL

CGROUP GROUP  COLDE

BOROUP GROUP  DATA
ASSUME CS:CEROUP, DS:DGROUP, ES:DGROUP
PUELIC RFUNZL

P R S R S A S R R R SRS AR RS
H STACK STRUCTURE

PARAMS  ATRUC

OLDES Do ? $GAVED ES REGISTER

(LD_BP DW ? JSAVED BP REGISTER

0LD_DS I ? JSAVEDN DS REGISTER

RETURM DB ? SRETURN ALDRESS (QFFSET ON TOP, THEN SEGHENT)
DADDR LD ? ADDRESS OF PATA STRUCTURE (OFFSET, THEN SEGMENT)
v oo ? $ADDRESS OF 1Y (DFFSET, THEN SEGMEMT)

Xy ] ? ADDRESS OF XY (OFFSET, THEM SEGMENT)

PARANS EMDS

DATA  SEGMENT PUBLIC /DATA’
STROAVE DW ?

DATA  ENDS

PR R R RS R R R R R S R R R R DR E R RS R R R

CODE  SEGMENT PUBLIC “CODE”

21

COMMON /STUFF/XINDEX, ZINDEX, NXPTS, NIPTS, IARRAY,  XERRAY, YARRAY

2

DATA YRRRAY/0.0.2,14,,4,,8,,10.,12,:14,, 14, 18,,20.,22,, 24, ,28.,28. /



2026/87/63/186 MACRO ASSEMBLER

Lac GBJ

Q000

0000

0000 1E
0001 33
9002 04
(003 8BEC
0005 B3-——-
0063 BECH
0004 CS5E1Z2
0000 FBDF07
0010 CISEOE
0013 SRDYO7
201¢ CS3E0A
0019 BED3
0018 2ROF
COIL ZBAFO4
0020 gB7FOZ
0023 DIE7
0025 DIE7
(027 87706
002A DIE
002C DIES

(O2E

Q0ZE 830308

0931 95hatl

0034 9B2Z6DD3IECO00
003/ 9B

G038 26R10000
003F 250041

0082 200001

0045 7424

(047

(047 220704
(04 3EFE
004C 7418

CO4E 9BD3LL

(051 SE26DOIEC000

057 9B

0958 2EA10000
00sC 230041
GO5F 300001
(052 7405

0044 820704
{047 EBEL
0069 EBCE
Q08B 200400

LINE

104
107
108
10%
110
1331
12
13
114
115
116
17
113
119
120
12

122
123
124
125
126
127
123
129
139
I3
152
13

134

133 +

135
137
133
137
149

141
142
143
144
145
144
147
148
147
150
151
152
153
154
155
15
157
158
159

RrUNZL

SOURCE

IRLEL

RFUNZL:

PUSH
PUSH
PUZH

HOV
MOV
Mo
Lo
FLD
Los
FLD
LIS
MY
HOV
BV
M
SHL
SHL
MY
SHL
SHL

GET_Z_IMDEX:

ALD

FCoH
FSTSH
FHAIT

KO

AN

e

JE
HENT

FAR

s

EP

ES

EP, 5P

AX, DATA

ES, AX

EX: [BPI.XV
IWORD PTR [BX3
BY, [BPL.IY
DiORD TR [BX1
BY, [BP1.LALDR
bX, BX

£X, [BXI.XFTR
8P, [BX1.NXPTS
OI, [BX1.IPTR
BL 1

DI, ¢

51, [RXLNIPTS
SL 1

Sk 1

BX, §

[HORE PTR [BX + DI1

ESISTHSAVE

AX, ESIETHCAVE
AXs 41004

AX: 01004
LEFT_CF_T.START

RIGHT_OF_I_START:

ARD
RI31: CHP

JE

FoOM
F5TSH
FHAIT

Hov
AND
chP
JE

AID
JHP
RIc2: M
5UB

Il 4
b, 51
R152

IMORD PTR [BX + DIJ

E5:STHSAVE

AX, ESISTHSAVE
AX> 41004

AX, 01004

Risz

0l 4
RIS51

AXs &1
£X, 4

28

08/20/84 PAGE 2

3SAVE REGISTERS

3GET XV ADDRESS ANDN SEGMENT

$PUT XV ON TOP OF 8687 STACK

$GET 2V ADDRESS AND SEGHENT

$PUT ZV OGN TOP OF 8037 STACK

3GET START ADDRESS OF DATA STRUCTURE
$SRYE BX

iCX = XFTR

JEP = MYPTS

101 = IPTR
$O1 = BYTE INDEX = ELEMENT INDEX + 4
181 = NIPTS

351 = NO. OF BYTES = NZFTS # 4

sBX = START OF 7 ARRAY
: COMPARE ARRAY ELEMEMT HITH 2V

3 MASK-IN COMPARISON BITS
i EXIT IF IV < ARRAY ELE
$IF 7 > DATALORIGINAL IHDEN)
;¥4 THEN EEGIM #x%
3 INOEY = INDEX + 4
KHILE (INDEX {= MQ. OF BYTES)

### DO BEGIN +#
COMPARE ARRAY ELEMENT HITH IV

H MASK-IN COMPARISON EITS
i EXIT IF 2V { ARRAY ELEMENT

3 IHOEX = INDEX + 4
3 #re END (WRILEY #¥¢



£024/87/83/184 MACRO ASSEMBLER

L o2

GOAE Q3EFQ4
(071 3EFY
o073 7342
0073 SBODDR
2078 EBADA0

0078

078 BIEFM4
O07E QIFFGD
0081 7620

0082 BDALL
{(:34 YB2LDLEECNN0
00SC 9B

D050 24410000
0091 230041
0084 30000
0097 7404
(079 300640
(0% 7809
(0%E QIEFM4
{(0A1 ERDR
O3AY GIFFO0
Q0A4 TDOF
00A3 820704
00AB 9BODOS
JORE 9BDREE
Q0B ROOCY
00B4 EBIIFO

Q0BT

COE7 HDOON
00BA SBICZY
003D 9BD34704
00C1 SBOEFY
00C4 SEDSCY

00L7

0007 030
0009 37F9
00CB DIE7
00CE DIE7
QOCF 97FS
0001 MES
0003 DIES
0005 SHOSLL
0003 YB24DD2E0000
0ODE ©B

QODF 2¢A10000
00E3 230041
00ES 300001
00EP 7434

R

R

LINE

140
161
162
163
144
165
165
167
168
169
170
7
172 +2
173 +1
174 +1
175 +1
174 +1
177 +2
172 +2
179 +2
160 +2
181
182
123
184
185
186
137
188
18%
190
191
192
192
194
195
198
197
198
197
200
M
202
203
208
205
205
207 +2
208 +1
209 +
210 +1
211+
212 42

213 42

REUMZL

SOURCE

s 0L, 4

CHP Bl AX

JNE FOURD_LOM_Z_INDEX
FSTP ST(D)

P GET_X_INTEX

LEFTLF_I_START:
SUR I, 4
Lzt WP BL, 0

Ji L2sz

FCOH  DWORD PTR [BX + DI1
FETEH  ES:STWEAVE
FEAIT

MW AX, ES:STHSAVE
AT AXs 4100H
CHp AXs COH00H
JE L2152
cHp AX: 4000H
JE L182
sUB oI, 4
JH2 LZ5t
LIZ2: O bL, 0
JGE FOUND_LOW_Z_INDEY
ADD DI, 4
FeTP  ST(O)

FLOZ
FXCH 8T
JHP GET_X_INEEX

FOUND_LOM_7_IHDEX:
FLD DYCRD PTR [BY+DI]
FSUB  STH1), ST

FGUBR  DHORDN PTR [BX+DI+4]
FoIv
Fich &7
GET_X_INLEX:
ALD BX, €I

XCHG DI, CX
SHL BI,

SHL 1) P

XCHS  S1. BP

SHL ShL 1

sHL sh ¢

FCOM  DHORD PTR [BX + DI}
FSTSH  ES:STHSAVE

FHAIT

HoY AX: ES:STHSAVE

AND AY, 4100H

¥y AX, 01004

JE LEFT_OF_X_START
HENT

29

03/30/84 PAGE

7 IF INDEY O MO, OF BYTES
THER FOUND_LOW_INDEX

H ELSE CUT_CF_RANGE

j#ee ENDE (IF} ###

1IF 1 { DATR(CRIGINAL INDEX)

yeek THEN BEGIM ##4

} IHDEX = INDEX - 4

i PHILE (IMDEY > )

S eee D0 EEGIN v
i COMPASE ARRAY ELEMENT WITH 2

H MASK-IN COMPARISON BITS
H EXIT IF 2V  RRPAY ELEMENT

3 EXIT IF I¥ = ARRAY ELEMENT
} INDEX = INDEX - 4
; % ERD (WHILE) #%2
IF IMEEX & 0
THEN FOUND_t 04 THDEY
£LSE QUT_CF_RANGE

H REPLACE TOP HITH O
: FUT XV 0N TOP OF 8087 ST

1#e¢ EHD{IF) #4%

$STORE IL CH STACK ToP
T(ZV-IL) 2MD FROM TOP

T(ZH-IL) ON STACK TCP
PUIV-IL)/{TH-IL) LEFT M STACK
$PUT XV ON TOP OF 2087 STACK

1BX = START OF XARRAY
101 = XPTR ¢ €X = LOW_Z_INDEY

$D1 = BYTE INDEX = YPTR # 4
1SI = MYPTS

1SI = HO. OF X BYTES = NXPTS + 4
3 COMPARE £RRAY ELEMENT WITH XV

: MASK-IN CCMPARISOM BITS

4

; EXIT IF XV { ARRAY ELE



2034/87/58/185 MACRO ASSEMBLER

Lo 0BJ LINE

214

215
J0ER 218
GOER 830704 217
QGEE ZEFE 218
G0FD 741B 219

220
00F2 FBDSLI 221
(QF5 9Z26LLIE0NG0 R 2
(0FB 9B 222
DOFC 2ER10000 R 224
0100 250041 223
0103 300001 ol
0104 7405 277

223
0108 835704 229
(108 EEE1 230
0100 8BCA pehl
Q10F 200400 232
0112 83EFC4 233
0115 2EF3 238
0117 753F 235
0115 9ELOLS 22
011C EBA790 237

223

23y
O1iF 249
011F BZEFO4 241
0122 g3FFO0 242
0123 7020 243

244
0127 9BO31L 245
0121 SH2AODZEQHO0 R 246
0130 98 247
0131 26MOEH0 R 243
0135 250041 249
0132 3000090 o
4138 7408 31
(130 D040 232
0147 7403 32
0142 S3EF04 24
0145 EBIB 233
0147 IFF00 256
314A 7D0C 257
0140 30704 L]
014F 9BODDS 259
0152 SB0%EE 269
(195 EROE®) 261

262

242
0138 24
0158 9BD%C1 243
0158 BICE? 254
0105 9BUSA904 267
0142 9BLEFS 288

42

+2
+]
+1
+
+1
+2
+2
+2

L

+2
+1
+
+
+
£
+2
+2

+2

FFLNZL

SOURCE

RIGHT.CF_X_START:

a0 DI 4
RX31: O DI, §I
JE RXS2
FCOM  DWORD PTR [BX + DI
FSTSW  ES:STHEAVE
FRAIT
Y AY, E5:STWSAVE
AND AN, 4100H
O A, 01004
JE RS2
AR O 4
M RXSE
RXS2: MY AX, &I
W5 AL 4
B DI, 4
e DL AX
JNE FOUMD_LGH_X_INDEX
FSTP 5THO)
S GETYL
LEFT_CF_X_START:
s DL 4
LYS: o Bl O
AL £X52
FCOM  [HORD PTR [BX + DI
FSTSH  ES:STHGAVE
FHAIT
MY AX, ESISTHSAVE
MO AY. 41004
G Al DOOGH
JE LX32
0 AX, 4090H
E LXS2
s oL 4
N
LXs2: P DL 0
JSE FOUND_LOM_X_INDEX
ADD DI, 4
FSTP  STHO)
FLDZ
M GETLVL

FOLNDL_LOW_X_IMDEX:

FLO DWARD PTR [BX+DI1
FoUR  ST(L), ST

FSUER  DWORD PTR [BX+LI+4]
Fomv

30

03/20/84 PAGE

$IF X > DATA(ORIGINAL INDEX)

4% THEM BEGIN #u#

3 INDEX = INDEX + 4

WHILE (INDEX {= MO. OF BYTES}

#t [0 BEGIN ##x
{COMPARE ARRAY ELEMENT RITH XV

.
¥
.
1
.
1
.
¥

MASK-IN COMPARISON BITS

H EXIT IF XV < ARRAY ELEMERT

: INOEX = INDEX + 4
3 ##¥ END (WHILE} ##¥

3 IF IMDEX & MO, CF BYTES
; THEN FOUND_LOX_INDEX
H ELSE OUT_CF_RENGE

1

serd EMD(IF} #3¢

$IF X < DATALGRIGINAL INDEX)
jeer THEN BEGIN ¢

; INGEX = INDEY - 4

i WHILE (INIEY > 9)

i #¥¢ DO BEGIN #3¢
H COMPARE ARRAY ELEMERT WITH XV

H MASH-TH COMPARISON BITS
H EXIT IF XV > RRRAY ELEMENT

3 EXIT IF XV = ARRAY ELEMENT

i INDEX = IMIEX - 4

g #% END (WHILE) #¢

;0 IF INIEX & 0

3 THEN FOUND_LOW_IMEEX
3 ELSE OUT_CF_REMGE

i FEPLACE TOP WITH O

jeer END(IFY #es

JETORE XL ON STACK TGP
$OXV-AL) ON STACK BOTTGH

3 (XH-XL) ON STACK TOP
$OV-XLI/{XH-XL) LEFT CN STACK



£02L/87/93/186 MACRD ASSEMBLER

Lot GBJ

01€3

0143 030E
0147 SECH
0149 DIES
(01AB DIES
014D F&EL

014F 0308
0171 030F
0173 30907
0174 8BZ7
0178 030400
0178 3BCH
o170 7410
O17F 9BO9CY
Q182 PADR4704
2184 YRDEEZ
Q157 530309
0180 9BOECZ

G1gF

Q16F 8BC1
2191 030400
0194 ZBC3
1% TSOF
0198 SBCY
0194 050400
D150 2BCE
O1%F 7420
011 FELODG
6104 EB2390

01A7 030E
D149 9BD7O7
O1AC 88C7
Q1AE 050400
01Bl 3ECA
0183 740D
D153 CEDS4TM
01R9 9BOCEL
O1RC 9BDECA
O1BF SEDECH

01c2

01C2 PBDIEL
01CS 9ELECA
01C8 9BOECH

01CB
O1CR
(1CR 3EDA
01CD DIEF
O1CF DMEF

RFUNZL

SOURCE

GET_Yi:
ALD
Ny
SHR
SHR

ML

Ao
ALD
FLD
My
ARD
cHp
c

FLI

FsiB
FML
FALDP

GET_YH:

Mo
ADD
CHP
JHE
"y
ALD
My
JE

FETP

P

GYHi:  ADD
FLT
Mo
ALD
oHe
J

AL

FEUB
FHULP
FALD

GET_YV:

Foiip
FHULP
FADD

FOUND_YV:

FXCH

BX; SI
AX 81
Ax: 1
A
L

BX, AX

BY, DI

DHORD PTR [BX]
AX, DI

A¥ 4

AX, &1

GET_YH

ST

EHORD PTR [BX + 42
5T, ST(2)

5T, §T(1)
8T{2), &7

AX, CX
AX 4
AX, BP
GYH1

A I
AX 4
AX, SI
FOUND_YY
8T
FOUMD_YV

BXs &I

LWORD PTR [BXD

£Y, BI

£ 4

A%, SI

GET_YW

DWORD PTR [BY + 43
ST, ST(1)

STH2), ST

£T. ST(1)
ST(2) ST

SAVE_NEW_POINHTERS:

HOY
SHR
SHR

BY, DX
oI, 1
11} P

3]

(8720784 PAGE

1BX = START OF VARRAY
$RY = NO. OF X BYTES

$AX = NXPTS = NO. OF X BYTES / 4
$AX = YA ROY OFFSET

iTHE AVOVE INSTR. LIMITS LENGTH OF ZARRAY

1T 235 ELEMENTS

$BY = YA ROH PTR = NXPT3 # IPTR
1BX = YA POINTER

$STORE YA M ST TOP

FEXIT IF XY PEST BUOUHTRY
$OV=XL)ZOXH-XL) O TOP, THEW YA
ISTORE Yz OM 5T, TOF

1 (VB-YA) ON ST, TOP
JUXV=-XL)(XH-YL) M (YB-YR) CH ST TOP
1YL 2HD FROM TOP OF STACH

IF {Z_PQINTER TCO BIG)
j#ee L0 EEGIN ###

3 IF (X_POINTER TGO BIS)

H THEN EXIT

; ELSE DISCARD JU
; AKD THEN EXITS
jexd ENMD (IF) +32

$BX = YC POINTER

$STORE YC M STACK TOP2

$EXIT IF XY PAST BOUNDRY

$STORE YD ON STACK TP

3YD-YE (W ST TOP
$OOV-XLM (XH-XL ) HYD-YE) 2MD FROM TOP
sYH 0N TOP OF €087

iYH TOP, THEW YL, THEN SLOPE

JYH-YL M ST, TOP

F LCZV-ILY/{ZH-TL) Y (YH-YL) ZKD' FROM TOP
1YY ON ST, TP



8084/97/848/185 HACRO ASSEMBLER

Loc ol

0101 §93F
0103 PLE?
0105 DIEY
0107 874F02

010A

Q1DA 07
OiDE 3D
O10c IF
010D CAOCOD

LINE

1+

Gy 10) T
SIS N
sy O N

£ )

)
]
e

3

[SE IS

o
>

peivil

331
332
KXK]
534
K]
33
337
338
39
KLH
KE3
32

RFUNZL

SOURCE

HoY
SHR
SHR
FGY

EPILOGUE:
pap
FoP
Fop
RET

FARCODE ERDP

CODE  ENDS

[BXY1.XPTR, DI
1
X 1
[BX1.ZPTR, CX

ES
BP
D3
12

08/20/84 PAGE

$8AVE XPTR

$EAVE ZIPTR

$RESTORE REGISTERS

Ry s S e e e R g R s E s
$REEFEH SR EEFREFFREFFRHEFFFREF PSR EFFE RS E R B E T E R RIS R R F S

EHD

ASSEMBLY COMPLETE, MO ERRORS FOUMD

32



5084/€7/85/186 MACRD ASSEMBLER  AFUN3S (8/30/84 PAGE

SERIES-IIT 8084/87/83/186 MACRO ASSEMBLER Y2.0 ASSEMELY OF MODULE RFUMSS
OBJECT MODULE PLACED IN tF1:RFUN3S.0BJ
ASSEMELER IMVOKED BY: ASMBS.8A :FLIRFUN3S, SRC

Loc oBd LIME SOURCE
i H FRFHFERXREERE R ER P LR B IR ELE LR FYE LSS LH XIS
2 i * ROUTINE MAME: PFIMIS ¥
3 H * DATE: SEF. 4, 1923 *
4 ; * FROGRAMMER S MAMED MICHAEL MRCKIM ¥
3 i * PURPOSE: T INTERPOLATE 8 SIMPLE *
& H ¥ FUNCTION FOR SHALL-MODEL ¥
7 ; * FROGRAMS *
8 H FEEEELERFERFRESH S LB S SR LFFF RS EFE S PP EB LS
9 H
10 H THIS SUBRCATING OUTPUTS THE ESTIMATED VALLE GF A FINCTION YV = FOXY,ZV)
i1 i BY INTERPCLATING FROM KNOWM SOLUTIOM POINTS, USING THE RELATIONS
12 ; XF = ((IY-IL)(ZH-TL)IXR-XC) + XC
13 ; Y6 = ((IY-ILIATH-IL) VOXE-XD) + XD
14 ; YF = ({ZV-IL)/(IH-IL) ) (YB-YC) + YC
13 H Y6 = ({ZV-ZL}/(ZH-ZL) ) (YE-YD) + YD
16 H YV = ((XV-XF)/{XG-XF) ) (YG-YF) + YF
17 H
12 H INPUT REQUIREMENTS!
19 ! 1) THE FOLLOMING ADDRESSES WILL BE PASSED TO THIS SUBROLTINE:
2 ; A, ON TCP OF THE 8036 3TACK:
21 H THE ADDRESS (OFFSET) OF A DATA AREA WITH THE FOLLOWING FORMAT
2 H
- 23 BSTRUC  STRUC
24
Q000 23 XPTR ¥ ¥ ;X ARRAY IMDEX
0002 26 PR ? 17 ARRAY INDEX
0004 27 NXPTS ¥ ? $ND. OF X BRCAXPOINTS ON EACH I LINS
0004 28 HIPTS DY ? $NO. CF ELEFEMTS IN 7 ARRRY
29 i IARRAY ID HIPTS DUP(?) 31 ARRAY (235 ELEHENTS MAXIMUM)
30 H XARRAY LD NYPTS DP(?) 3 X ARRAY
3 H YARRAY DD HYPTS BUR(?) ;Y ARRAY
32
—— K DSTRUC  ENDS
34 H
K] H B, OM THE 8087 STACK: ON TOP IV, THEN XV
36 H
37 H 2) IT IS REQUIRED THAT THE 8087 CHIF HAVE S EMPTY REGISTERS
33 H HHEN THIS INTERPOLATION ROUTIME 15 CALLED,
39 !
4) H 3) NOTE: NO TWD ADJACENT ELEHENTS OF XARRAY. YARRAY. OR IARRAY
41 3 MAY HAVE IDENTICAL ELEMENTS, THIS WILL RESULT IM DIVISION
42 H BY ZERD.
43 1

4 H OUTPUT EFFECTS:

15 ; 1) REGISTERS DESTROYED: AX. BX. CX» DX, DI, SI

46 H 2) INTERPOLATED RESULT RETURNED OM TOP OF 8087 STACK
47 i 3} XFTR LOCATION UPDATED TO INDEX X VALUE ST PRECEDING XV.
L] 3 IPTR LOCATION UPDATED TO IMDEX 7 VALUE JUST PRECEDING 2V,
49 } (TG SPEED FUTURE SEARCHES FOR X AMD 1)

50

33

1



§086/87/86/186 MACRD ACSEMBLER

L OBd

6002

0004

LIMNE

31
52
53
=4
i)
)
57
a8
a9
60
61
62
63
64
43
b
&7
]
69
70
n
72
73
74
75
76
77
73
79
20
8!
8z
83
24
35

o,
o

a7
83
&y
90
1
9z
93
94
95
%4
97

Ial
23

99
169
103
102
103
104
105

RFUIN3S 08/20/34 PAGE

SGURCE
EXAMPLE PL/M CALL
PLHPGM: D03

PECLARE DSTRUC STRUCTURE (
XINDEX IMTEGER, ZINDEX INTEGER. MXFTS INTEGER. NIPTS INTEGER.
IARRAY(3) REAL, XARRAY(13) REAL. YARRAY(ID) REAL) PUELIC
INITIAL {
/% XINDEX #/ O,
/% TINDEX #/ 0,
/% NXFTS #/ &y
/# NIPTS #/ 3
/% TARRAY #/ 0.0, 10.0, 20,0,
/% XARRAY #/ 0.0, 2.0, 4.0, &0 8.0,
1.0, 3.0, 8.0x 7.5 9.0,
1.5 1.7% 1.8 5.0, 10.0
/% YARRAY #/ 0.0, 2.6, 4.0, 6,00 8.0,
10,0, 12,0, 14,0, 16,04 18,0,
20,0, 22,0, 28,0, 26,0, 28.0 )3

RFUN35: PROCEDURE(X,Z,STRUC_ALDR) REAL EXTERNAL;
DECLARE X REALS
DECLARE 7 FEALS
DECLARE STRUC_ADER POINTERS

END RFUN3SS

Ve NE we W un ME e ve we WE wE ME Me wd we ME GR WS um M wa wA R we we e

H R3TEST: PROCELRIRE PUBLICS

H DECLARE (X, Z,Y) FEALS

H X =323

i 1=12.0¢

} Y = RFUN3S{X. Z, 8DSTRIK):
3 CALL PRINTOUT(Y)s

H ENDS

H END R3TESTS

i END PLMPGH;

S FF RS F SRR R R R RSB A EE I AR A R R L R R A E R R R PR RS EI IR 24

MAME  RFLM3S

CGRGUP GROUP  COLE

IGRIP GROUP  DATA
ASSUME  CS:COROUP, DS:DGROUP
PUBLIC RFUNZS

TR EEFREF R AR SRR BFRBERRHEFRERIREE AR BB EER PRI RS

j STACK STRUCTURE

PARAMS  STRUC

ERUN: L] ? $SAVED BP REGISTER
FETURN I ? $RETURM ADDRESS
DADDR W ? JADCRESS OF DATA STRUCTIRE

34



80246/87/887186 MRCRO ASSEMBLER

LoC 0Bd

0000 7727

Q000

0000

3500 55
0001 8BEC
(003 GR5E04
0004 8RO
0003 SRIF
(00A BR4FO4
000D €B7F02
0010 DIE7
0012 DIE7
0014 8B7704
0017 DIEA
0019 [HES

aMB

(018 830303

201E 9BDG1H

0021 YRDD3EQRO0 R
0024 R

(027 AL10000 R
0024 250041

002D 300001

003) 7432

(032

4032 83C704
0035 3BFE
(037 7419

(039 9BDSI1
003C SBDDIEQOGO R

LINE

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
120
13t
132
iR
134
133
135
137
138
139
149
141
142
143
144 +2
143 41
146 +1
147 +4
143 +1
149 42
170 +2

151 +2
152
153
154
155
154
157
158 +2
159 +1

RFUN2S 08/30/84 PAGE 3
SOURCE
PERAMS ENMDS
PEREEF R R R AR R A A T R S R AR SR AR AR SRR AR IS
P EEEEFRE RS E L BB R R R RS E S R R S B R RS RN A S P B R RSB AP LR BB RE Y
DATA  SEGMENT FUBLIC /DATA”
STHSAVE DY ?
DATA  EMDS
PREE RS P LR R R S R R R A R R R RS SRR R R
D BEEFEEER SRR EE SRR SRS BB R B S RS B E L E R U BB RSB B R F RS S BB R RN SRS
CODE  SEGMENT PUBLIC ‘CODE’
NEARCODE PROC  NEAR
RFLN3S:
15AVE REGISTERS
FUsH  FP
My BP, P
L BY, [%P1.DAIDR $GET START ADDRESS OF DATA STRUCTHRE
M DX, BX 3SAVE BX
Ky BP, [BX1.XPTR $EP = ¥PTR
My CX, [BX1.NXPTS 3CX = NXPTS
Moy DI, [BX1.IPTR 01 = ZPTR
SHe DI, 1
SHL bl 1 3BI = BYTE INDEX = ELEMEMT IMDEY # 4
HOV SI, [BX1,MIPTS 3SI = NIPTS
SHL sh 1
e 81, 1 381 = HO. OF BYTES = NIPTS # 4
GET_Z_INDEX:
ADD BX; 2 3BX = START OF 7 ARRAY
FCOM  DWORD PTR [BX + DI H COMPARE ARPAY ELEMENT HITH IV
FSTSH  STWSAVE
FHAIT
MY AX, STHSAVE
D AX, 4100H H MASK-IM COMPARISON BITS
o AX, 01004
JE LEFT_OF_Z_STARTY : EXIT IF 2¥ < ARRAY ELE
HENT
sI1F 7 > DATA(ORIGINAL INDEX)
RIGHT_OF_Z_START: s##¢ THEN BEGIN #%»
ALD DI, & 3 INDEX = IKNIEX + 4
R151: C¥P DI, 81 WHILE (INDEX {= MO, OF BYTES)

JE RIS2 H

; ##+ D0 BEGIN ###
FCt4  DHORD PTR [RX + DI}
FATSH  STH3AVE

35

COMPARE ARRAY ELEMENT WITH ZV



S084/87/88/186 MACRO ASSEMBLER

LoC CBd LIME
0041 9B 150
0242 A16002 R 161
(043 230041 162
(043 306001 163
0048 7405 154

163
004D 230704 166
0050 EBE3 167
(052 8BC6 158
0034 200409 149
0057 83EF04 170
0054 3EFS t
003C 7540 172
O05E SBODDS 173
0041 EB4ER0 174

173

176
0044 177
0044 Q3EFC4 178
(047 S3FFOD 179
0054 TCIE 180

181
005C 98031 162
O0F SBODZEGCO0 R 183
0074 98 184
G073 ALOOO0 R 183
(078 200041 185
0078 300060 187
O07E 7404 188
(087 300040 157
0033 7403 190
3083 G3EF04 191
3033 EEDD 192
003 33FFH0 193
003D 700F 194
0OgF 930704 192
0092 SEIDO3 195
0693 PHISEE 197
(998 JBDIC? 193
(0SE EB119D s

200

201
0%t 202
GOSE SEDGOL 203
00A1 SBDCEY 204
0004 9BDR6504 205
00A3 9BLEF? 206
OORB 9BECC? 207

208
00fE 205
(OAE O30S 210
008G 88C7 21
00B2 F4EL 212
(iGE4 030% 213
(0B 87FD 214

+
+
4
+2
12

+2

+2
+
+
+
+
+2
+2
+2
+2

RFUN3S

SCLR

]
m

FHAIT
Mo
AND
cHP
JE

ADD
JHF
MY
U
SUB
CHP
JHE
FSTP
P

LEFT_0F_Z_START:

suB
CHP
Ji

LI51:

FooM
FeTSH
FHAIT
MOy
AND
P
JE
CHP
JE
LR
JHP
CHe?
JGE
AOD
FSTP
FLhZ
FXCH
JHP

Lzs2:

AX, STHSAVE
AXs 410CH
AX, 01004
RISZ

oI, 4

RZ51

AX, S1

AY, 4

Ll 4

BI, AX
FOUND.LOW_Z_IKDEX
ST(0)

GET_X_INDEX

oI, 4
BL, 0
L1582

DWORL PTR [BX + DI]
STHEAVE

&Y, STHIRVE
AX, 41004
AYs O0COH
L1582

A 40001
LZ52

0l 4

L1251

oL 0
FOUND_LORI_Z_TNDEX
BI, 4

§T(0)

ST{1)
GET_X_INCEX

FOUND_LOH_Z_INDEX:

FLZ
FSUB
FeUzh
FoIv
FYCH

GET_X_INDEX:
ADD
W
ML
ALD
XCHG

DWORD PTR [EX+ELZ
5T{1), 8T
DLORD PTR [BX+DI+4]

ST{1)

B, SI
AX, DI
L

EX: RX
DI, BP

36

03/30/6%4 PASE

; MASK-IN COMPARISON BITS
3 EXIT IF ZV { ARRAY ELEMENT

H INDEX = INDGEX + 4
#e END (WHILE} #¢%

IF IMDEX (> MO, GF BYTES
THEN FOUND_LOW_INDEX
ELSE OUT_CF_RANGE

me um e waw e ua e

si END (IF) ##¢
sIF 7 < DATA(ORIGINAL IMDEX)
s#8 THEN BEGIM ##+

i INDEX = INDEX - 4

3 GHILE (INDEX > ©)

3 #4% [ BEGIN ##+

H COMPARE ARRAY ELEMENT WITH 2V
} MASK-IN COMPARISON BITS

H EXIT IF 2V > BRRAY ELEMENT

; EXIT IF 1Y = ARRAY ELEMENT
: INDEX = INDEY - 4

##% END (WHILE) #¥+
IF INCEX (3 D

THEH FOUND_LOX_TNDEX

ELSE OUT_CF_RANCE

REPLACE TOP WITH 03

i
H
i
jeex ENDCIFY s

$STORE 7o O STACK TOP
(IV-IL) 2MD FROM TOP

SOIH-IL) GH STACK TOP
$(2V-IL)/{IH-IL) LEFT ON STACK
$PUT XV OM TOP OF 2057 STACK

$BX = START OF XARRAY

$RY = MO, OF Z BYTES

$AX = XC RO OFFSET=N. OF ZBYTES#NXPTS
$BX = XC ROH PTR

301 = XFTR ¢ BP = LOW_Z_INDEX



S0234/87/83/186 MACRO ASSEMBLER

LOC OBJ

00ER DHE7
00BA DME7
OOBC 671
DOBE DIES
MCe DIEG
00C2Z 980901
00CS QBCS
00C7 030400
G0CA 3EC1
20CC 7410
0OCE 030F
0000 9RDI0O
Q003 2BDF
0005 9BDREL
{003 ¢BLECH
00DB 9BDECI
00DE 9RDADM
(0E1 9BODREQCOO0
00ES 9B
Q0E7 A10000
00ER 250041
Q0ED 300000
00F0 7454

00F2

00F2 830704
(0F% 3EFE
00F7 7438

Q0F9 9RDOO1
GOFC 8BS
GOFE 030400
010t 3BCI
0103 7410
0105 030F
0107 9BDF00
0104 28DF
010C 9BRD3EL
010F 9BRECC
0112 9BDECH
0115 9RDAD2
0118 9BDD3EN0D
01iD 98
GLIE A10000
0121 230041
0124 300000
0127 7408

0129 9BDOCY
012C °BEDDR
O12F 83C704
0132 EBCY
0134 9BDICY
0137 BBCA

R

R

LINE

715
214
217
218
219
220
221
222
223
228
225
2%
227
228

29
230

03

AL BN TN )
DY €
~N DO L) B

So B GO O )
L LD a3

tQ
[55]
(93]

+2
+
+
+
+1
+2
+2
+2

+2
+
+

2+

+
+2
2

L

+2

RFUN3S

SOURCE
SHL D 1
SHE DI
XCHG  SI, X
SHL SL |
SHL 8L ¢
FLD DWORD PTR [BX + DII
MY AX, EP
ADD Ax, 4
cwp A X
JE Gxt
ADD BY. I
FLD DHORD TR [BY + 811
SUR BY, M
FEUB ST, ST(D)
FML ST, ST{3)
FADD

GX1: FCOM  ST(1)
FSTSH  STHSAVE
FHAIT

MoV AX, STWSAVE
FND AXs 4100H

cHe AX> D0OOH

JE LEFT_OF_X_START

RIGHT_OF_X_START:

ADD 0L, 4

RXS1:  OMp bI, §1
JE RXS2
AL [HORD PTR [BX + DI}
Moy AX, BP
ADD ax; 4
CHP A, CX
JE RXS3
ADD BY, BI
FLD DWORD PTR [BX + SI1
SUB BX, DI
FQUB ST, 8T(1)
FHUL ST, §T(4)
FADD

RXS3:  FCON  ST(2)
FOTSH  STHSAVE
FHAIT
Moy AX; STHGAVE
AND AX, 4100H
CMe AX; 0000H
JE R¥S2
FXCH  ST(1)
FSTP  ST(D)
ADD DI, 4
JHP RXS1

RXS2:  FXCH  ST(1)
v AXs 81

317

08/30/64 PAGE

DI = BYTE INDEX = XPTR # 4
131 = NXPTS 1 CX = MD, OF Z BYTES

i8I = NO, OF X BYTES = MXPTS # 4
iSTORE XC ON TOP OF STACK

SEXIT IF 7 700 HIGY
STORE XB ON TOP OF STACK

1XB-XC ON €T, TOP

$U(ZY-IL)/{TH-TLY H(XB-YC) ON ST, TOP
PXF ON ST, ToP

H COMPARE ARRAY ELEMENT WITH XV

H MASK-IN COMPARISON BITS
H EXIT IF XY > ARRAY ELEMENT

$IF X > DATA(GRIGIMAL INDEX)

je#e THEN EEGIN ##¢

v INDEX = INDEX + 4

PHILE (INDEY <= NQ. OF BYTES)

% D0 BEGIN ###
STORE XD ON TOP OF STACK

e vE ww ue we

EXIT IF Z T0O HIGH

~E e ee caw

STORE XE ON TOP OF STACK

XE-XIr OM ST, TOP

C(ZV-ILY/AIH-IL) }(XD-XE} ON ST, TOP
XG 04 5T, ToP

COMPARE ARRAY ELEMEMT WITH xv

I R T IR

i MASK-IM COMPARISOM BITS
i EXIT IF XV > ARRAY ELEMENT

XF = XG

DISCARD OLD XF
INDEX = INDEX + 4
% END (BHILE} #e¢

“e ve ua e ue e

n



80356/87/68/185 MACRD ASSEMBLER

Loc 0sd

0137 200400
013C 83EF04
013F 3EF8

0141 7365

0143 9BODDS
0146 9BODDG
0149 EB7290

014

014C B3EF04
OL4F B3FFOO
0132 7C40

0154 980901
0157 82C3
0159 050400
015C 3BCY
015E 7410
0160 O3LF
0142 9B0900
D153 2EDF
0157 SEDO3EL
016f FBHSCC
014D 9BLECH
0170 9BDED2
0172 SEDO3EGO0D
0178 9B
0179 A10000
Q17C 250041
017F 300001
0182 7410
0184 300040
9187 7408
0189 9EDOC?
013C GEDDDZ
D19F 3EFO4
0192 EB2B
0194 33°FC0
0197 TO0F
0199 83C704
015C SEIDLR
O19F 9BODOS
(1A2 SBLEE
01A5 EB14%0

o1A8

01AG 9BICEAR
01AB 9BDEE?
O1AE PBLEFY
01B1 €BCS
01B3 050400
O1B4 3ECH
01B3 7403

R

R

LINE

210
!
272
3
274
273
276
277
278
279
280
231
2
233
284
283
285
227
288
289
290
21
292
273
294
295 +2
296 +1
97 4+
298 +1
299 +
300 +2
301 +2
302 +2
303 +2
304
i)
306
307
308
309
310
3l
312
313
314
313
316
217
318
39
329
321
322
323
324

RFUN3S

SCURCE

SuB
SUB
cHe
JNE
FSTP
FSTR
M7

LEFT_CF_X_STMRT:

A 4

bI, 4

DI, AX
FOUND_LOW_X_INDEX
5T()

ST

GET_ANSHER

SUB DI, 4
LX31:  CHP BI, 0
J LXsz
FLD DWORD PTR [BX + DI
HOY AXy EP
ADD AxX, 4
cHp AX, CX
JE LXS3
] BX, DI
FLD DWORD PTR [BX + 512
gLB BY, Bl
FSUB ST, ST(1)
FHL ST, 5T€4)
FALD
LX53:  FCOH  5T(2)
FSTSR  STHSAVE
FRAIT
Y AX, STHSAVE
AMD AY, 4100H
cHp Ax, 0100H
JE L¥52
cup AX, 4000H
JE LXs2
FXCH  sT()
F3TP ST(O)
SUB 01, 4
JMp LX5t
LXs2:  CHP b, 0
JGE FOUND_LOH_X_INDEY
ALD b, 4
F5TP STID)
FSTF  ST(O)
FLnz
JHP GET_AHSHER
FOUND_LOH_X_INDEX:
FSUE  ST(2) 8T
FSUB
Folv
MOV AX, BP
ALD £X, 4
e A, X
JE GET_ANSHER

38
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IF INDEX <> MO. OF BYTES
; THEN FORND_LOW_INDEX
H ELSE (UT_OF_RANGE

H DISCARD XG. AMD XV

jeas END (IF) #o¢

$IF X < DATA(CRIGINAL INDEX)
j#xe THEN EEGIN ##%

INDEX = IKLEX - 4
WHILE (INCEX > 0}

“u ua e

#% [0 EEGIN e
STORE XD C TOP OF STACK

“n we we us e

H EXIT IF 7 700 HIGH

STORE XE ON TOP OF STACK
XB-XC M ST. TOP

XG ON ST, TOP
COMPARE ARRAY ELEMENT WITH XV

we =a e s e e

: HASK-IM COHPARISCN BITS

3 EXIT IF XV { ARRAY ELEMENT

EYIT IF XV = ARRAY ELEMENT
¥F=XG
DIZCARD (BE XF
INGEX = INDEX - 4
w44 END (WHILE} #¢¢
IF INIEX & 0
THEN FOUNG_LOH_IRDEX
ELSE CUT_GF_RANGE

; BISCARD XC
3 REFLACE TOP YITH ©

jeek END(IF} #ex

$XF. XG: XV, ZSLOPE ON ST,
$XFy XG. (XY-XF)}, ZSLOPE

s (XG-XF), (XY-XF), ISLOPE

3 (OXY-XF)/(X6-XF} ), IGLUFE
3 IF 7 HOT TOO HIGH

{({IV-IL)/(TH-IL)Y }(XB-XC) N ST,

ToP

6
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LeC OBd LIME
01BA 9BDOCY kY&
324

01BD 327
O1BD QBCS KIE]
01BF DIER Y4
01C1 DIES 330
' 2

01C3 FAEL 332
KXkl

334

01CS 0303 33
01C7 030F 334
01C? 9BDSO7 337
01CC 8BTS 238
QICE 030400 KED)
0101 2ECH 240
0102 7510 3
KLY

YN M2
OIS 8RCY 384
0107 050400 343
D10/ 3BCSH 244
QIIC 7444 347
MEE 348
Q1DE 9BD94704 349
O{E2 ER3290 30
at

CIE3 2
C1ES 8RC7 "3
G1E7 050400 34
01Eh 3ECH K
Q1EC 7423 KR
QIEE 337
O1EE 9BDICY 358
01F1 SBOOOO 359
01F4 9BDSEZ 340
niF7 SRDECY 341
Q1Ff 9BDEC2 362
01FD SED24704 2483
0201 9BDI4004 4
0205 9BDREL 245
0202 9BDECA 344
(20 SBOECY 387
Q20E ER0490 362
29

0211 370
0211 03DE n
(213 9BD707 372
n

0216 374
0216 SBDSEL 373
0219 9BDECA 376
021C 9BDECY 377
021F ER0190 KT
39

RFUN3S

SOURCE

FXCH

CGET_ANSHER:
MoV
SHR
SHR

ML

D
ADD
FLD
Moy
ADD
CHe
JNE

I_TO0_HIGH:
Mo
ADD
cHp
JE

X_VALID:
FLD
JMP

I_NOT_HIGH:
Moy
ADD
cHp
JE

BOTH_VALID:
FXCH
FLD
FSup
FHL
FADDP
FLD
FLD
FauB
FHULP
FADD
JP

I_VALID:
ADD
FLD

GET_Yv:
FeuB
FMULP
FADD
P

ST

AX,
RX:
AX,

b O

L

BYs AX

BX, DI

IHORD PTR [BX]
AX, BP

Ax: 4

AX, CX
I_NOT_HIGH

AX, D1
AX; 4
AY, SI
FOUND_YV

[HORD PTR IBX + 41
CET_YV

AY, DI
AX, 4
AY, SlI
I_VALID

ST(1)

LWORD PTR [BX + 511
8T, ST{(2)

ST, STt}

ST{2), ST

DHORD PTR [BX + 41

DWORD PTR [BX + SI + 4]

ST, ST
ST(2), 87

GET_YV

BX, 81
DYORD PTR [BX2

8T, ST{1}
ST(2), 8T

FOUND_YV

39
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3 THEW {IV-IL)/{ZH-IL) OH ST, T(P

TAX = NO. OF X BYTES

JAX = NXPTS = NO. OF X BYTES / 4

iCX = NO OF Z BYTES

iAX = YC ROW CFFSET

$THE AVOVE IMSTR. LIMITS LEMGTH OF IARRAY
170 253 ELEMENTS

1BX = YC RO4 PTR = NXPTS # ZFTR

$BX = YC POINTER

$STORE YC OGN ST TOP

$IF 1 OUT OF RANGE
je#e DO BEGIN #e%
7 IF X OUT OF RANGE

: THEN EXIT
i (1 TCO HIGH BUT X IS IM RANGE}
i STORE XD

sx#¢ END (IF) ##%

$IF 7 VALID

jexx DO PEGIN #4+

i IF X QUT OF RANGE

; THEN EXIT

H ELSE (BOTH XV AND Z¥ ARE IM RANGE}
FEIV-ILY/(ZH-IL) ON TOR, THEN YC
$STORE YB OM ST, TOP

$(YB-YC) ON ST, TOP

$OCIV-ZL)/ (ZH-IL) M(YB-YC) OM ST TCP
$YF 2ND FROM TOP OF STACK

$5TORE YD ON STRCK TOP

}STORE YE ON STACK TOP

$YE-YD ON ST TOP

3 ((ZV-2L)/{ZH-IL) ) (YE-YD) 2ND FROH TOP
$YG ON TOP CF 8087

s¥ex END {IF} #%¢

${X OUT OF RANGE BUT 7 VALID}

1YG TOP, THEM YF, THEN SLOPE

$YG-YF ON ST, TCP

3 CONV-XF)/(XG-XFY) (YG-YF) 2D FROM TOP
1YV ON ST, TOP



8086/87/88/184 HACRO ASSEMBLER

LOC OBJ

0222

0222

0222 2804
(224 DIEF
(2256 DIEF
0228 393F
0227 DIED
022C DIED
022E §96F02

023t
0231 5D
0232 C20100

LINE

380
31
392
383
Je4
335
338
337
333
339
2%0
391
392
393
394
395
39
397
398
399
400
401
402

RFUN3S

SOURCE

FOLND_YV:

SAVE_NEW_POINTERS:

MoV
SHR
SHR
MOV
SHR
SHR
MoV

EPILOGUE:
pop
RET

NEARCODE

CGDE  EMDS

BY, DX

DL, i

D 1
[BX1.XPTR, DI
BP: 1

EP,
[BX1.ZPTR, BP

BP
{

ERIP

(8/30/64 PAGE

fRESTORE EX TO START OF DATA STRUC,

$SAVE XPTR

1SAVE IFTR

+RESTORE REGISTERS

TR R R S R S I RO RS R R R H R BB E R 15

END

ASSEMBLY COMPLETE, MO ERRORS FOUND

40
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RFLNZL

SERIES-III 8036/87/23/186 MACRO ASSEMBLER V2.0 ASSEMBLY OF MODULE RFUNAL
OBJECT MODULE PLACED IN :F1:RFIM3L,0RJ

ASSEHELER INVOKED BY:

Los

0000
0002
0004
0004

LINE

Lo S " Y s L, R R AL S

29

My

a3 Y G Dy LA vy
(o BRIV REE S N A

M»—-(D!-'s

el il ol ~I
(=S R I S, St

~Y

N
L3

SOURCE

B um e ue we we we we e

8 N wE v GA uE We ME e we wn wR ue ue

“E ME R ME B ME ve WE e uB me e we e

e aw

ASKI6.86 tF1IRFUN3L.SRC

02/30/84 PAGE

R s s s s ST e
# POUTINE MAME: FFUM3L

* [ATE: SEF,

h 1933
* FROGRAMMERS MAME: HICHREL HACKIM
# PURPQSE: TO INTERPOLATE A SIMPLE

¥ FUNCTION FOR LARGE-MODEL

* FROGRANS ¥
HEHE SRR R R

LI R A

THIS SUBROUTINE (AITPUTS THE ESTIMATED VALUE OF A FUNCTION YV = FUXV,2V)
BY INTERPCLATING FROM KNGHWM SOLUTION PRINTS, USING THE FELATIONS

IF = ((ZV-IL)/(TH-IL) M (XB-XC) + XC
XG = ((ZY¥-IL)/(ZH-IL}}YE-XD} + XD
YF = ({ZV-ZL)/{ZH-TL)MYB-YC) + YC
YG = ((ZV-ZLM/(TH-ILY MIYE-VD) + YD
YV = ((XV-XF)/(XG-XF)}}{YG-YF) + YF

INPUT REQUIREMEHTS:

1) THE FOLLOWING ADDRESSES HILL BE PASSED TO THIS SUBROUTINE:
A. 0N TOP OF THE 8086 STACK:
THE ADDRESS (OFFSET) OF A DATA AREA WITH THE FOLLOWING

FORMAT
DSTRUC  STRUC

IFTR
IPTR D4
HXPTS W
NIPTS I
IARRAY LD
XARRAY DO
YARRAY DD

DSTRUC  ENDS

[ RPN}

?

NZPTS DUP(?)
NXPTS Dup(?)
HYPTS THP(?)

71X ARRAY INDEX

31 ARRAY INDEX

iNO. OF X BREAKPOINTS ON EACH 7 LINE
TN, GF ELEMENTS IN 1 ARRAY

11 ARRAY (2535 ELEHENTS MAXIMUM)

14 ARAAY

7Y ARRAY

B. OH THE 80B7 STACK: ON TOP 2V, THEM XV

2) IT IS REQUIRED THAT THE 8087 CHIP HAVE 5 EMPTY REGISTERS
HHEN THIS INTERPOLATION ROUTIME IS CALLED,

3) NOTE: NO TWO ADJACENT ELEMENTS (F XARRAY, YARRAY, OR IARRAY
HAY HAVE IDENTICAL ELEMENTS. THIS WILL RESULT IN DIVISION EY IERO.

OUTFUT EFFECTS:

1) REGISTERS DESTROYED: AX, BX, CX» DX, DI, SI

2) INTERPOLATED RESULT RETURNED ON TOP OF 8087 STACK

3) XPTR LOCATION UFDATED TO INDEX X VALUE JUST PRECEDING XV.
IPTR LOCATION UPDATED TO INDEX 7 YALLE JUST PRECEDING ZV.
(TO SPEED FUTURE SEARCHES FOR X AND 1)

I3

1



8084/87/85/186 MACRG ASSEMBLER

Lee

2000
0002
0004
0004
000R
(00E
0012

0000

0RJ

RFUNIL

SGURCE

“e uw ua e 4w

e A wm 48 wE W we we e we ~w

03/30/84 PAGE

EXAMPLE FORTRAN CALL

SUBROUTINE F3CALL
DIMEMSION YARFAY{13). ZARRAY(3). YARRAY{1S)
INTEGER XINDEX, ZINDEX, NXPTS, NIPT3
COMMON /STUEF/XINDEY, ZINDEX, HXPTS, NIPTS, ZARRAY, XARRAY, YARRAY
DATA XINDEX, ZINDEX,NXPTS, NIFTS/0,0,3:3/
DATA ZARRAY/0.0,10,0,20.0/
DATA XARRAY/0.052,0,4.0:6,0,8.0:1.:3.,5.,7.9:9.,1.5:1.75,1.8:5.,10./
INTA YARRAY/0.0:2.08,56,18.+10,112,114,:16,118.,20,,22,,24., 25,23,/
X=9.1
1=11.3
Y=RFUN3L (X, 7, XINDEX)
FRINT #, Y
END

;*****§§i!**************&ii§*********§********&*************§*********

NAME
CGRP  GROUP
DGROUP  GROUP

S5LME
PUBLIC

RFUNSL

CODE

DATA

C5:COROUP, DS:OGAOUP, ES:DGROUP
RFUNGL

R iiiiias st ez eastastsassizaad et st ez sassessesattats

H STACK STRUCTLRE

PoRAMS  STRUC

OLD_ES IM
oLD_BP DY
oLpps Do
RETURN DD
DADDR DD
I L
v oo

PARAMS EMDS

1SAVED ES PEGISTER

$SAVED BP REGISTER

3SAVED DS REGISTER

$RETURN ADDRESS (OFFSET OM TOP, THEM SEGMENT)
$ADDRESS (F DATA STRUCTURE (OFFSET, THEW SEGHENT)
$AODRESS OF 2V (OFFSET, THEN SEGHENT)

$ADDRESS OF XY (OFFSET, THEN SEGHENT)

2 D e D )

;******!****i***?!***&***********{******&**********i*************i*%**
IR R R R HEHEHE R R

DATA  GEGMENT PUELIC ‘DATA’

STHSAVE [

TR ENDS

?

AR F R R R R R R R R
1 EEEBFFEEEE SRR R R R R R S R R RO R R

CODE  SEGMERT PUBLIC /CODE’

42
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L 0Bd

0000

0000

0000 1E

0001 53

0002 06

(003 SBEC

G005 Bg-—- R
0003 8ECO

D00A CS3E12

000D 9BDO0T7

(010 CS3E0E

0013 SEL907

2016 CISECA

0019 B3

001B 8BZF

G010 3RAFO4

0020 8B7F02

0023 ME7

G025 DIE7

0027 887704

002h DHEA

002C DIEA

GOZE

002E 830303

0031 9EDALY

0034 9BZAL03E0000 R
002a 9B

003B 26R10000 R
003F 250041

0042 300001

0045 7434

(047

4047 83C704
(044 3EFE
004C 741B

004E SBOR1L

0051 SHRODDIENOND R
0057 98

0053 25A10000 R
005C 250041

QOZF 300001

9052 7403

0054 83C704
0047 EEEL
0069 8BCA
G0SH 00

LINE

104
107
103
fog
110
i
t12
113
114
115
{16
117
118
119
120
121
122
122
124
125
126
127
128
129
130
131
122
132
134
133
134
137
138
139
149

141
142
143
144
143
144
147
143
149
159
151
152
153
131
155
154
157
158
159

+2
+]
+
+
+
+2

+2

L

+2

+2
+]
+]
+
+1
+2

+2

&

+2

RFUNZL

SOURCE

FARCODE PROC  FAR

BFUMAL:
PUSH IS
PUSH  EP
PUSH  ES
MW BP, P

My AX> DATA

Hv ES, M

LDS BY, [BP1.XV
FLE DWORD PTR [BX]
Los BX; [BP1L.ZV
FLD DWORD PTR £5X1
LD3 BX, [BP1.DADDR
M DX, BY

MY BP, [BX1.XPTR
MY CXy [BXL.MYPTS
MoV bI, [BX1.IPTR

SHL DI, 1
SHL 0L
HY SI, [BY1.NZPTS
SHL SL A
SHL Sh 1
GET_I_IMGEX:
ADD BY, &
FCOM  DWORD PTR (BX + DI
FSTSW  ES:STHSAYE
FRAIT

My AX; ES1STHSAVE

ANDH AX: 4100H

CHP AX: (100H

JE LEFT_OF_Z_STPART
HENT

RIGHT_(F_Z_START:

ALD DI, 4
RISt:  CMP 01, &1
JE RI%2
FCOM  [WORD PTR [BX + D13
FSTSW  ESISTHSAVE
FHAIT

KW AX, ES:STHSAVE
AND AX, 41004
CHP AX, Q100H

JE R182
ADD 0l 4
JHP RIs81
RISz MY AXs 81
] AXs 4

43
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$SAVE REGISTERS

iGET XV ADDRESS AND SEGMENT

PUT XV OM TOP OF 2087 STACK

i0ET IV ADDRESS ANDI SEGMENT

SPUT 2V ON TOP OF 8037 STACK

$GET START ADDRESS OF DATA STRUCTURE
$SAVE BX

1B? = XPTR

3CX = NXPTS

DI = IPTR

+DI = BYTE INDEX = ELEMENT INDEY # 4
351 = NIPT3

18I = M. OF BYTES = NIPTS # 4

BX = START OF 7 ARRAY
: COMPRRE ARRAY ELEMENT WITH 2V

H MACK-IN CCMPARISON BITS

3

H EXIT IF IV { AFRAY ELE

;IF 1 > DATA(CRIGIMAL INDEX)

$¥r# THEM BEGIN #w

3 INDEX = INDEX + 4

WHILE (INLEX <= M0, GF BYTES)

##¢ [0 BEGIN ##+
COMPARE ASRAY ELEMENT WITH 1V

“a e A ume

H HASK-IN COMPARISON BITS
H EXIT IF IV { ARRAY ELEMENT

i INDEX = IKDEX + 4
i #+& END (HHILE) ##+
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Lac opd

O0LE BIEFO4
0071 2BFR
0072 7542
0075 SEDDD
0078 ERADSC

0078

007B §3EF04
O07E B3FFO0
0031 7620

0033 9R0311

003¢ 9B26DD3ECC00 R
GO8C 9B

(05D 26410000 R
0091 250041

0094 300000

0097 7408

0059 300040

009C 7405

OOFE QIEFD4

00A1 EEDR

00A2 QAFFGO

(0A6 TDOE

0072 83C704

Q0AR 9BODD2

(ORE 9BNSEE

QOBt SEDACY

00D4 EB1190

QOB7

00B7 9ED901
(OBA 9BDCES
0OBE 9ED36904
00C1 QBDOEFQ
00C4 SEIOC?

aoc7

00C7 030E
00C9 8BC7
00CB FeEL
00CDh 0302
QOCF 87FD
Gopt DIE7
0003 DIE7
0005 37F1
00D7 DIES
0002 DIEA
00DB 2BD01
(OLE 8BCS
OCED 050400
(0E3 3BC1
Q0ES 7410

LIMNE

160
141
162
163
164
163
164
167
162
149
170
7
172
173
174
175
174
177
178
179
180
181
182
183
184
185
185
a7
188
142
190
191
192
193
194
193
194
197
198
199
200
0
202
203
204
203
205
207
208
209
210
211
212
213
214

+2
+1
+
+]
+2
+2
+2

+2

RFLRGL

SOURCE

SLB
cMp
JNE
FSTP

DI, 4

BI, AX
FOUND_LOH_Z_INDEX
STL0!

GET_X_INDEX

LEFT_OF_Z_START:

suB oI, 4
LIsts P 0L, 0

S L1282

Foott  [HORD PTR [BX + DI

FOTEH  ES:STHSAVE

FHAIT

Moy AX, ES:STHSAVE

AND AX, 41004

cp AX, 0DOOH

JE L1582

cHP AX, 4000H

JE L182

SUR [l 4

JHP L8t
L1582t (MR oL 0

JGE FOUND_LORI_Z_INDEX

ADD BI, 4

FSTP  ST(Q)

FLz

FXtH STl

JHp GET_X_INDEX
FOUND_LOW_Z_INDEX:

FLD OWORD PTR [BX+DI1

FSUE  5T(D). ST

FSUBR  DHORD PTR (BX+DI+41

FRIV

FXCH  STUD)
GET_X_IMDEX:

ADD BX, SI

MY aX: DI

ML cL

ADD BXs AX

XCHG DI, B

SHL USRS

SHL 0L 1

ICHG ST, CX

SHL Sh 1

SHL ShL 1

FLD DWORD PTR {BX + DI]

My AX, BP

ADD AX, 4

crp A €

JE GX1

44
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3 IF IMDEX O NO. OF BYTES
j THEN FOUND_LOW_INDEX
3 ELSE GUT_CF_RANGE

jee END {IF} ##¢

$1F 7 < DATALORIGINAL IMDEX)
j#%¢ THER BEGIN #¢%

INDEX = INDEX - 4
WHILE (INDEX > O)

3 #4% [0 BEGIM ###

H COMPARE ARRAY ELEMENT HITH 7V
: MASK-IN COMPARISON BITS

H EXIT IF IV > ARRAY ELEMENT

} EXIT IF IV = ARRAY ELEMENT
H INDEX = INDEX - 4

; ¢ END (HHILE} ##
7 IF INDEX & &

H THEM FOUND_LOW_INDEX
i ELSE OUT_OF_RANGE

REPLACE TCP HITH 03
seag ENDHIF) #3s

$STORE ZL ON STACK TOP
F(IV-IL) ZND FROM TOP

$(ZH-ZL) ON STACK TOP
JUIN-ZL)/ATH-TIL) LEFT ON STACK
$PUT XV ON TOP OF 8037 STACK

$BX = START OF XARRAY

$AY = MO OF Z BYTES

$AX = XC ROM OFFSET=N. Or ZBYTES¥RNXPTS
sBY = XC ROW PTR

$0I = XPTR ¢ BP = LOW_Z_INDEX

;0D = BYTE INDEX = XPTR * 4
351 = NXPTS ¢ CX = MO, OF Z BYTES

181 = NO. OF X BYTES = NXPTS # 4
$STORE XC ON TOP OF STACK

FEXIT IF 7 TOG HIGH
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LO0C OBJ

Q0E7 030F

Q0E9 FBOGOO

O0EC 2BDF

O0EE 9EMSEL

00F1 SEDRCR

Q0F4 YELECI

Q0F7 9BOAM

OOFA 9B26DDIEOO0O0 R
0100 98

0101 264810000 R
0105 250041

0103 300000

010B 743C

0100

0100 83C704
0110 3BFE
0112 7430

0114 9BDY0L

0117 833

0119 050400

011 38Ct

O11E 7410

0120 030F

0122 9BO90O

0125 2BDF

0127 9ROSEL

0124 §BOACC

012D 9ROEC!

013) SEDAN2

0133 9BZ600350000 R
0139 9B

0134 26010000 R
013E 250041

0141 300000

0144 7408

0144 9BDSLY
0142 9BDDDA
014C §3C704
014F EBEF
0151 9BOYCY
0154 8BCE
0156 200400
C139 H3EF04
015C 3EFR
O15E 7367
0150 9BOODS
0163 9BODDG
0166 EB7490

0149

LINE

215
216
27
218
219
220
21
222
223
224
225
22
227
228
229
230
231
232
233
234
235
2%
237
238
239
24
281
242
243
744
245
244
247
218
249
250
251
252
253
254
255
25¢
257
258
259
240
261
242
263
244
245
24
27
248
29

+2
+
+
+]
+
+2
+2
+2

+2
+1
+]
+1
+
+2
+2

<

RFUMN3L

SOURCE

ALD
FLD
SuB
FSUR
FHUL
FALD

GXt:  FCOM

BX, DI

DHORD PTR [BX + SI3
BX: DI

ST, ST(1)

ST, ST(3)

STi1)

FSTSW  ES:STWSAVE

FUAIT

nay
AND
cHp
JE

AX; ES:STHSAVE
fXs 410CH

AX, 0000H
LEFT_GF_X_START

RIGHT_CF_X_START:

ALD
RXSt:  CMP
JE

FLD
MoV
ALD
cHP
JE
ADD
FLD
SUR
FSuB
FHUL
FADD
FCOM

oI, 4
bl §I
RXS2

DWORD PTR [BX + D11
AX: BP

AX: 4

AX, CX

RXS3

BX, DI

[WORD PTR [BX + 811
BX, D1

8T, ST(1)

ST, §T(4)

STi2)

FSTSH  ES:STHSAVE

FHAIT

Hw
AND
e
JE

FXCH
FsTP
ADD
JHP
FXCH
Mo
SUR
SUR
CHP
JNE
FSTP
F3TP
JMP

fxsz:

LEFT_OF_X_START:

AX, ESISTHSAVE
A 41004

AX: GODOH

RX§2

ST(1)
ST}

0L, 4

RXS1

5T

AXs SI

A 4

BI’ 4

DI, AX
FOUMD_LOW_X_INDEX
STHO)
ST
GET_ANSHER

45
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3STORE XB (N TOP CF STACK

3XB-XC ON ST. TOP
$UZV-ZL)/(ZH-1L) ) (XB-XC) ON ST, TOP
iXF ON ST, TOP

H COMPARE ARRAY ELEMEMT WITH XV

i HASK-IN COHPARISON BITS
3 EXIT IF XV > ARRAY ELEMENT

iIF X > DATA(ORIGINAL INDEX)

s#¢ THEN BEGIN #¥*

i INDEX = INDEX + 4

i WHILE (INDEX {= MO. COF BYTES)

#ek D BEGIN #e
STORE XD ON TOP OF STACK

EXIT IF 7 70O HIGH
STORE XE ON TOP OF STACK

XE-XDr 0N ST, TOP
({ZV-IL)/(IH-IL) ) {XD-XE) ON ST, TOP
X5 ON ST, TOP

COMPARE ARRAY ELEMENT WITH XV

A ME ue M8 L wE ue M we ME e a8 ue am

H HASK-IN COMPARISON BITS
H EXIT IF XY > ARRAY ELEMENT

XF = X6

BISCARE CLD XF
INGEX = INDEX + 4
# BN (WHILE} #%

i IF INDEX <> RO. OF BYTES
i THEN FOUND_LOW_INDEX

H ELSE (UT_OF _RANSE

3 DISCARD XG. AMT XV
1Ek END (IF) ##3

+IF X { DATA(CRIGIMAL INDEX)

1##% THEM EEGIN #%¢
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LoC 0B

0149 S3EF04
016C 83FF00
016F 7042

0171 980901
0174 2ECS
0176 050400
0179 3BC1
0178 7410
017D 030F
017F 9BD700
0182 2ELF
0184 9BDSEL
0187 $BOSCC
(187 9BDECL
0180 9BO2D2
0190 9BZALOZENC0G R
0196 9B
0197 26A10000 R
0198 250041
O19E 300001
01A1 7410
01A3 30040
01R6 7408
Q1A% 9BDC?
O1AR SBDDDG
O1AE 23EFC4
(1B EBBD
Q1B3 83FFM0
0186 7DOF
01B3 83C704
01ER 9BODDR
Q1ES 9BDODR
01C1 9BOSEE
01C4 EB14690

01c7

01€7 FELCEA
Q1CA 9BOEE?
01CD 9BDEF?
0100 8BC3
0102 050400
0103 3BCI
0107 7403
0109 9BOFCY

010¢

O1DC 8BTS
QIDE DIEB
O1E0 DIES

O1E2 FéEL

LINE

270
N
272
m
274
273
275
an
278
279
280
21
282
233
284
285
284
227
288
289
290
291
222
293
294
293
29
297
298
299
300
301
302
203
04
305
306
307
309
209
310
31t
312
313
314
313
318
317
318
319
320
32
322
Krx]
224

42
+
+
|
+
2
+2
+2
2

RELAAL

SCURCE

SUB
LXS1:  CMP
JU

FLI
My
ADD
CHP
JE
ARD
FLD
SUB
FoUR
FML
FALD
FeaM
FoTSH
FHAIT
HOV
AND
CHP
JE
P
JE
FXCH
FatP
quB
P
Lxs2:
JGE
ADD
FoTP
FSTP
FLEZ
JMP

LX53:

0L, 4
BI, &
LXS2

DHORD PTR [BX + D11

AY, BP
AX, 4
Ax, CX
LXs2
BX, DI

DWORD PTR [BX + SI3

BY, DI
ST, ST
ST, 5T(4)

AX, ES:STHSAVE
RX, 41004

A, 0100H

L¥s2

AX: 40004

Lxsz

§T(1)

STH0)

oI, 4

LXSt

Ol 0
FOUND_LON_X_INDEX
DL, 4

STHQ)

ST(0)

GET_ANSHER

FOUND_LOH_X_INDEX:

FSuB
FSUB
Fpv
MoV
AL
cHp
JE
FXCH

GET_ANSRER:
Moy
SHR
SHR

ML

aT(2) 9T

AX, BP

fx, 4

A, CX
GET_ANSHER
ST}

Axs S1
AG L
A 1

cL

46
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IMDEX = INDEX - 4
WHILE (IMDEX > D)

#3# DO BEGIN ##¥
ETOSE XD ON TOP OF STACK

T

EXIT IF Z OO0 HIGH
STORE XE ON TOP OF STACK

XB-XC ON ST, TOP
({ZV-2L)/(ZH-IL) ) {XB-XC) OM ST. TOP
XG OM ST, TOP

COMPARE ARRAY ELEMENT WITH XV

we B sm B aw uE s e ua dw

H MASK-IM COMPARISON BITS

; EYIT IF X¥ { ARRAY ELEMENT

EXIT IF XV = £RRAY ELEMENT
XF=XG
DISCARD OLD XF
INDEY = INDEX - 4
##¢ END (BHILE} %3
IF INDEX &> 0
THEN FOUND_LOW_INDEX
ELSE QUT_OF_RANGE

we wE e aE e W ae

DISCARD XC
REPLACE TOP WITH O

O T L L

seax ENO{IF} #3%

1XF, XG, XV, ISLOPE ON ST.
$XFy G, {XV-XF}, ZSLOPE

$ (XG-XF), (XY-XF), ISLOPE

s{(XY-XF)/(XG-XF}), ZSLOPE
1IF T NOT 700 HIGH

1 THEN (ZV-IL)/(ZH-IL) ON ST. TOP

$AX = NO. OF X BYTES

$AX = NXPTS = NO. OF X BYTES / 4

3CX = NO OF Z BYTES

$AX = YC ROW OFFSET

$THE AVOVE INSTR. LIMITS LENGTH OF ZRRRAY
370 255 ELEMENTS

o
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LOC OB

0124 0308
01E6 030F
QIER 9BDHO7
G1EE 8BCD
CLED 050400
91F) 3BC1
01F2 7510

01F4

01F4 GRC7
O1F4 030400
01F9 3ECA
O1FB 7444
OIFD

OIFD 9BDR4704
0201 EB3290

0204

0204 QRCT7
0206 050400
0209 3BCE
(208 7423
0200

0200 GRIGEY
0210 9E0900
0213 YEDEE2
0216 9RDECY
0219 9BOEC2
021C 9BOO4704
0220 9BD94004
0224 9BD3EL
0227 9BIECA
022/ YBIECH
022D EB05%0

0230
0230 03LE
0232 9B0907

0235

0233 9BDAE!
0238 9BD=CA
023 YBUECH
02ZE EBOL90

0241

0241

0241 8RDA
0243 DIEF
0245 DIEF
0247 893F
0249 DIED
0248 DIED
024D §95F02

LINE

[PV
N
;7;3 o

O3 G Ca DO L) G L3 0
ARAEARARAR SRRk
a'ﬁ'&é—-owmw

FFUN3L

SOURCE

ADD
ADD
FLD
BV
ApD
CHP
JHE

1_TO0_HIGH:
MY
ADD
P
JE

X_VALID:
FLE
JKP

L.HOT_HIGH:
M
ALD
CHP
JE

BOTH_VALID:
FXCH
FLD
FSUB
FMUL
FALDC
FLD
FLD
FsuR
FMLP
FRED
JMP

I_VALID
AOD
FLD

GET_yv:
Fsliz
FHULP
FADD
JHP

FOLMD fV:

BY, AX

BX, DI

DWORD PTR [BX1
fX, EP

AX; 4

A CX
I_KOT_HIGH

A Bl
Ax 4
AX, 1
FOUNDLYY

[HORD PTR [BX + 4]
GET_YY

AX: DI
AX: 4
AY, SI
I.VALID

§T(1)

[WORD PTR [BX + &1
8T, ST(2)

ST, 8T(1)

ST2), &7

[NGRD PTR [BY + 42

DHORD PTR [BX + 81 + 4]

ST, 8T(1)
§T(2), 8T

GET_WV

BX, &I
DHORD PTR [BXD

ST, §T(1)
§T(2), ST

FOLRMD_YY

SAVE_NZW_POINTERS:

My
SHR
SHR
i
SHR
SHR
My

BX, DX

BL.

DI 1
[BX1.XPTR, BI
B

EP, 1
{BX1.ZPTR, BP

47
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iBX = YC ROH PTR = HXPTS # IPTR
$BX = YC POINTER
3STORE YC ON ST TOP

$IF 1 GUT OF RANGE
Peek [0 BEGIN ¢
i IF X OUT GF RANGE

; THEH EXIT
i {Z TOO HIGH BUT X IS IN RANGE}
} STORE XD

JEes END O[IF} #o%

$IF 7 VALID

s##¥% [0 BEGIN ##»

i IF X OUT OF RANGE

3 THER EXIT

3 ELSE (EGTH XV AND ZV ARE IM RANGE}
${IV-IL)Y/{ZH-2L) ON TGP, THEW YC
$STORE YB M ST. TOF

${YB-YC) ON ST. TP

$OCIV-ZL}/(ZH-IL) (YR-YC) M ST TOP
1YF 2ND FROM TOP OF STACK

$STORE YO UM STACK TOP

;STORE YE ( STACK TOP

$YE-YD CH 5T T0P

FUIV-IL)/{ZH-1L) MYE-YD) 28D FRGH TOP
$YG OM TOP OF 9037

see% ERD {IF} #2

+{X QUT OF RANGE BUT Z VALID)

1YG T0P, THEN YF, THEN SLOPE

$YG-YF oM ST, TP

FCOV=XF) Z(XB-XF) Y CYG-YF) 2D FROM TOP
$YV ON ST, TP

RESTORE BX TO START OF DATA STRUC.
$SAYE XPTR

1SAVE ZPTR
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Lo ORJ LINE

a0 (a3
b ]
=3

0230

0230 ¢7
02531 5D
0252 1F
0253 CAOCOD

) 03 0 €A G "-‘E
O 0 G O O
SN O A S L)

338
— 399
370
391
392
393
394

RFUNZL

SOURCE

EPILOGUE:
PopP
PoP
paR
RET

FARCODE ENDP

CODE  ENDS

ES
EP
L)
12

L

$RESTCRE FEGISTERS

Q3/20/84 PACE

H FEFPEFEEFRRFFEFEESREBREH R R IR L L FERPFEREII RO BB R F IR F B HR LTI TR AR
H PEEBLEERBECEEFSERESRESFEFEFE R IR R PR SRR EREEEF B RIS R R R RS

ERD

ASSEMBLY CCMPLETE, NO ERRORS FOUMD

48



XL Xy Xy

Figure 1. - Univariate function.

Figure 2, - Bivariate function.



Figure 3, - Map function.

XL

v *H

Figure 4, - Bivariate function interpolation diagram.



Figure 5. - Map function interpolation diagram.

16-Bit segment register
1011100011011 100

Regular 16-bit register
11701101100011110

———— 1011100011011100
+ 1101101100011110
11000110100011011110

Figure 6. - How 16-bit registers are combined to form 20-bit address.



FIELD DEFINITION

XPTR: X pointer

ZPTR: Z pointer

NXPTS: Number of x data points per z curve

NZPTS: Number of z curves

Data Arrays: These fields hold actual experimental data points,
The points mark the start and end of a curve
segmant,

Figure 7. - Field identifications in breakpoint information block.

DIMENSION XARRAY (7), YARRAY (7)
INTEGER XPTR, YPTR
COMMON ISTUFFIXPTR, ZPTR, NXPTS, NZPTS, XARRAY, YARRAY
DATA XPTR, ZPTR, NXPTS, NZPTS/0,0,7,7/
DATA XARRAY /0.0, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0/
DATA YARRAY /0.0, 1.0, 4.0, 9.0, 16.0, 25.0, 36.0/
XiN=15
Y = RFUNLL (XIN, XPTR)
PRINT =, Y
END

Figure 8. - Fortran program for univariate function call.

Xin Zhigh!

0

out Xins Zjimi

Yout [ ~O Xpjghs Zin!

e

Kyimit Zin!

Figure 9. - Two out-of-range examples,



FIELD NAME FIELD VALUE

XPTR X index

ZPTR Not used

NXPTS Number of x data points
(4in this example)

NZPTS Not used

XARRAY ) X1, X2, X3, X4

YARRAY Y1, Y2, Y3, Y4

Figure 10. - Breakpoint information block for RFUN1 programs.

FIELD NAME FIELD VALUE

XPTR X index

ZPTR Z index

NXPTS Number of x data points
( 4 in this example)

NZPTS Number of z data points
(5 in this example)

ZARRAY 21, 22, 73, Z4, 25

XARRAY X1, X2, X3, X4

YARRAY Y11, Y12, Y13, Y14

Y21, Y22, Y23, Y24
Y31, Y32, Y33, Y34
Y41, Y42, YA3, YM
Y51, Y52, Y53, Y54

Figure 11, - Breakpoint information block for RFUN2 pro-

grams,
FIELD NAME FIELD VALUE

XPTR X index

ZPIR Z index

NXPTS Number of x data points
(4 in this example)

NZPTS Number of z data points
(5 in this example)

ZARRAY 71, 72, 73, 24, 25

XARRAY X11, X12, X13, X14

X2, X22, X23, X24
X31, X32, X33, X34
X41, X42, X43, X44
X51, X52, X53, X54

YARRAY Yil, Y12, Y13, Y14
Y21, Y22, Y23, Y24
Y31, Y32, Y33, Y34
Y41, Y42, Y43, Y44
Y51, Y52, Y53, Y54

Figure 12. - Breakpoint information block for RFUN3
programs,
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