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FSNAP Designer's Guide

'Introduction ' .'.-

The FSNAP language (Document No 516-51) has been
implemented on the 516- TSS virtual memory time sharing
.System_- The source code 1s compiled in a compact format
so as to facilitete executien in en interpretive mode. The
_seuree code and object che_ere both treated as linear
strings of 8-bit bytes.

The purpeserf this doeument willfbe to describe
~ the implementation mechanics in enough detail to allow
comprehension of the structure of the compiled code generated
and the manner in which the compiled code is run interpre-
.tively. ‘A few flow charts will be provided to show how all
of the various FSNAP program segments are 1nterrelated.
Allocaﬁion of the user relocatable pointers and the user
temporary storage area will be shown to enable a user to
write his own_machine language application programs callable
from FSNAP. The actual structure of the compiled cede will
then be discussed so that‘ene could conceivably add FUNCTIZN's
and MACRZ's other than those that exist at present.
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IFSNAP Code

be broken up into five sections, as follows:

e

(2)

(3)

(u)

(5)

‘The machilne language code written for FSNAP can

FSNAP control. routihes - these routines 1nterpret the —

4commands (along with arguments)'entered by a user and

transfer control to the appropriate‘routine.

FSNAP compile routines - these routines compile the
code from a given source file into a compact string of
interpretive code.

FSNAP execution routines - these routines execute the

.compiled code interpretively

FSNAP math routines - these routines perform the actual

}mathematical calculations on the'data and varlables.

FSNAP user routines - these routines are callable from

an FSNAP program and:ére special application machine

1anguage programs.

A complete list of all of the routines in each

section along with their slize in octal words follows.
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(1) FSNAP Control Routines . |

-  Name Length - Function -

. CALCUL 57 compile apd;e?écuté FSNA% program
Eg:\ | FSNAP 314 | mainAéontrol foutine . . |
| ‘ GETCOM, 172 | i geé'one lettgr command andipafametérs
.FSUNLK_ 135 unlink all files'and.data segments
FSLINK‘.A 117 kink up to all data segments
é}\i " FSEXEC. ~ 1T4 save state and execute system program
FSNPRT 174 print ouﬁiﬁaiﬁes of variables
FSPDAT @ 162 - . print out contents of data files
FSDUMP 170 dump océél'compiled code"

- FSNPMN 55 print various FSNAP menu's

.20608 = 107210

.-
1]

o
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(2) FSNAP Compile Routines

Name

FSCMPL

FSCMPX
" LNCMSU -

FSERSU
" GETNAM

FSNXPD

.DMVSU

CALLSU
SETSUP

 FSUSFN
' FERSU

NEXTSU

. IFSTUP
TYASSU .
FUNCSU

DATASU
DIMSU
FGTNUM

Length

. 567
75
332

473
257
1lo0

136

251
575
- 33
174
151

123

323
165

276

322

_163
57728

- Function
‘main compilation routine .
: data'segment 1nitializationgr6ﬁtine
'set up ID char. pointer pairé for sfatément
. numbers
'type out compilation error
get code for variable name | -
expand variable's segment size
geperate.code for dimensioned variable
set up code for CALL macro
sef up .reverse polish stfiﬂg for expression
copy user function into object code
set up FZR macro
.‘set up,NEXT;macro
set up'IF statement '
set up ASK, TYPE, READ, WRITE macro's -
seﬁ up reverse pélish string for user
- function
set up data in a file
set asidé space for dimenéioned varlables
get floating point répresentation of numbér

3066
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(3) FSNAP Execution Routines

Eggg - Length - - Function .

FSNPXC | 532 | main execution routine
FSNPBR 63 detects DEL hit by user - -
'FSEVAL 7373_ . evaluates a reverse poiish String" )
FéNPFN 166 evaluates a function N
AFSNEER 363 types out an execution error
DIMVAR 276 obtains address and value of dimension var. .
FSNPFR 165 - sets up a FﬁR/NEXT loop '
FSNPIF -163 ' determines IF condition
FSCALL 250 performs CALL to user machilne languége

_ . program |
FSNPTP 261 executes ASK, TYPE, READ, WRITE macros
FSREAD 174 reads data from é file
FSINFL 373 . asks user for name of input file
FSOTFL  __T76 asks user for rame of output file

-

42458 = 221310

e e
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'(4) FSNAP Math Routines

" Name - Length
-FL?Iﬁ 73
- FLIDCD 375
~ FLPOUT . u7
FLTFMT 544
FADD 173
FSUB 176
FMULT 167
FDIVD 174
FSQRT 115
106
76
b7
L6
167
262
264
56
337
120
361
123

add two F.P. numbers

_,Functioh1 _
input a floating'point ﬁuﬁber
decéde the riumber read in o
oﬁtbut a floating point-number

format the number being typed

subtract two F.P. numbers

‘multiply two F.P. numbers

divide two F,P,'numbers

Eake squafelrodt of number

convert F.P. number to double precision
integer

take integep part of F.P. number

convert‘intéger to F.P. number

take i&ge or_log10 of F.P.}number

common log. calculation routine

cosine of angle in radians

sine of angle in radians

tangent, cotangent of angle in radians

Arctangent functlion

raise f:P. number to-a power

take exponential of a F.P. number

generate a random number

51138'= 2635, , R
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(5) FSNAP User Routines '

.Name = Length Function

,FSRAND, 131 geneféte'a rahdom number
FSCHAR,. 15. i 1ﬁ§ut one'chéracter
.FSTIME_ 21 = output date Sﬁd time of day
4FSFE¢F 164 check for end of data file
FSRgND 137 round fractioﬁ to N bits
STRUN 127 = truncate ‘fraction to N bits
6h1g = 417,

Total Code _
(1) i Control 2060 © 1072

(2)/ |compile 5772 3066

(3% 'Execution 4245 . é213
‘(4)\ Math 51I§ 2635

(5ﬁ{ User - 641 ;_ﬂll

' 222735 = 9403,
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‘The following three (3) flow charts are attached,
showing how all the arious routines are interrelated
(1) Filow Chart of FSNAP Control Routines.
(2) . Flow Chert of FSNAP._Corr;pile Routines .
(3) Flow Chart of FSNAP Exéoution Routines

.The math routines areAdiscuSSed_in a previous 516 document.

‘They are in fact system callable routines in that they.do

not uée any of the'user-temoorary storage area (.T's) or
the‘user relocafable pointers (. RP's) The routines are
completely reentrant and have an error exit besides the
normal exit. The user routines are discussed in various
516 Focuments.

(.T7 - .T17).
be deferred until the allocation of the user .T's and

.RR's is discussed. .

These routines may use the user temporary

The implementation of the CALL macro

will

L The user .T's are allocated separately during

e

th compilation and the execution phases. Some are used
globally, whereas others are used only in certain program
segﬁents and so are available to other program segments.
The following two tables outline the allocation of the user

.T's during the compilation and executlon phases.
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st ONAP Compile  Kowrincs

¥

[Fscrnex

[FschrPL

FOR 7

NEXT 7

IF 7

ASK 7

READ ?

TYPE ?

WRITE 7

| RESTYRE?

CALL ?

pIHM 7

DEF 7

DATA 7

GOTd 7

- |6osuB?}

RE TURNT

STeP T

—[FsERSU |«
T _‘,G'EINAH - |
SETSUP ’gi,,"\’,‘;bf Sl
|- ——psusEN e
ch et . —
» —> FORS U-T >
Yes_,, \ NEXTSU — -
&2 > IFSTUP E— B
Yes I
Yes "; . - -
Yes —>ITYASSU t— E
e g s o
Yes T
Yes T
v —>IcALLSU >
o CILED ST
£ ! FUNCSU N
YCS ) - . —
S DATASU >
Yes ) > ' -
Yes daauaiiordl Il
Yes - - "’">' ' T
Yes g

et
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. FSNA‘P Exc.caﬁo;n Rou'lL»nes o

- [FsnPXc
N

. TFSNPERk———

R Fn?> L
_._.;_-.. < FSNPBR YQS Break-- o <
i .  FSNPEN —

. Yes

| F@R

DIM VAR

HFSEVAL

—~——

FSNPFR

YCS_ e e .

NEXT

Yes  TFsNPIF s

1F

ASK

,—0 0"0 ia—“ ‘-‘0

Yes

ESNPTP

READ 7

Yes *

>

—SIFSNPTP

| Tyee 7

Yos

FSNPTP

WRITE ¢

Yes =~ ¢

-

RESTORE T

Yes

—>F3 NPTP

@ m ) CA L L ? Yﬁs” S FSCA LL T : > ———
T [eeTe 7 E—
o |easuB 7 Yes Z
. RETURN 7 —Les o e
o | Yes - e
¢, |sTer 7



- .75
.T6
.T7

.T1l1
.Tl2
.T13
. .T14

.T15

.T16
.T17

© 51664 - 12

Allocation of .T's (Compilation)

'QALLSU,sﬁTsupQ?ﬁRSU,NEXTsﬁ,DIMSp‘

: SETSUP,FSCMPigFéCMPX ’

- program file character pointef ;'

" pointer into dimensioned data block

. last character

CALLSU, SETSUP, TFSTUP

SETSUP '

object file éhafactéf pointer
LNCMSU,CALLSU;SETSUP,FUNCSU,DATASU.‘
INCMSU, CALLSU

LNCMSU, CALLSU

LNCMSU, CALLSU . <

LNCMSU, CALLSU - -

_.LNCMSU, CALLSU
- CALLSU, SETSUP

CALLSU, SETSUP
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.TT
- T10
.T1l
.T12
.T13

C.T1h

.T15

.T16

T17

S . . . B .

vAlldcation of User .T's (Execution)

variablé to Se stored into
FSCALL FSNPTP FSREAD ' "

object code character pointer'

fhighest possible variable code

last character .ﬂ.'-, oo .

ID ofcurrent dimenslon data block

ID of dimension data block required:
operator code

FSNPTP,FSREAb,FsonL

FSEVAL

FSEVAL |

format specification word

FSINFL

. function opcode

operand storage (high order word)

operand storage (low order word)

The next several pages cover the aliocation of

the user .RP's during both compilation and execution. The

,> layout of all of the data blocks is shown in detail to

enable one to interface special applicatlon user programs

to the FSNAP language interpreter.
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Comp f’a""u’on

Phase

.RPO" Sour’ce |
' _F'\‘Ie, ‘
.RP'I " Djfa, F':lc
~ Set UP
RP2: Printers ¥ H
A TCV/.{J- Dd+&
RP3 DEF « FOR
/ Tcmp- Dq "’04-
.RPY; PPOgr“am
' i\ Vaviables
.RRF Ptrs. o
' DiYn. V&(Y‘-
RpPc| Object
Coc?a
®P7| Prog. Var.
th e S

legero

CONID

DINID

®BJIID

NAHID

. Exe cq‘f‘ioy)

) ‘-.'..':'v.' ~ Pha 5L

| ObJ e-c'{" '

Code =

| Read Dita

.,F_flc

| ’Polih‘h?'rj x|,
Te'mp- _-Dﬁd‘d

Unused

Program
Variables

Ptrs. +o
Dim. Var.

Dimarx.ﬂomJ
Variables

- Unused.

¥ Used Ohl/ i€ rcfiuircia[, |
st My be uzed in between frd  Slafemen's

CONID

.*
DINID
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" JRPA - Psinters —'Comp-),'af‘ioh Phase

—~ . — '+_‘.‘. —
s 0| Data | Phe p177777\0077777 N
ﬁ | Block . Coun'l' ‘ ST f (, K OAT /
Headev |
8 . . | - | '. . .
g; o S|T AGK PAT|A
6 . N
) - s[TAC K- pATIA
Ay | - o
S|TAC K vA TIA
32 . - | DEF | PEF
5 [TACK DATIA “Temp. | Temp.
4ol Fi le Current Riv Bit FI!C Fi le
#| Pasition (File # | #2 H# 2
6\ 1D I0 IRle Pl ID Tp
g : F,‘ |e - F( IC Fr le
Yy #5 # &
: Iv ID | Ip
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 .RP2 - Peinters - Execution. P))ag&

- 7 T ' .
g—\ olpda | PHe @i77IZOIZZZZA | | L
C |Bleck | Count | sTIACK ]| DATA
- |Header '
S — ‘
6 . ST A CK DATA
¢ | N |
| STIACK ]| QA|ITA
Caw a - : . | RETID | RETCHR
CLOIBAL s AVIE ARE|A , |
| ‘ FoR, r—*m "
a 2 3 3 | 1ene. | Tene. | BN |sTAck
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'@ 10 | 10 (File Pl ID ID
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TS
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53 55 60 € £3
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Sealar _and Dimensioned ,Vdr_i'ables

' s
< 8
: ‘
C,‘\ ' ~
Q -
—g - § )
4; ,
g
v
£
<)
! Po'h;l’fr
o Y. [t
' N Bloek |
. Header

2l s =
B H
” - 4_ é‘
1 NEE
= NS ¢
.f_"f, H #/ \
1Y)
QD -
CETBE |\ \
ve T E |
""; o s ©
sE 5
D A2 S
‘ [ Poinier )
\£ Count \
oL BlocX
. Headev
-~
>
£
a
v et ‘
. '
3¢ /
— X < ({
S A\l
. FPEAL
A ~
» | s
Q ﬁ — -
S IS H
‘ Pointer : £
on1C " £
g_- C()un"' o
o

Ploc k
hoader S
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FSNAP CALL Mechanism

- up to three arguments may be passed via the user. .T's.

£

(scalars, dimensioned variables or floating—point numbers)

T7 Arg. #1 Name

.T10 . Value 'A;%‘,

.T11 Value i - oo
T2 Arg. #2 Name

.T13 Value Mg

1L Value '_

.T15 Arg. #3 Name ) .

.T16 | Value : A;%'

.T17 Value .

-

- argument values may be passed back to the user program

throngh scalar variables only by leaving the corresponding
argument name non-zero.

- all other user .T'S must be left untouched in the called
subroutine.’ | | _' _

_’a global save area (words 2410 - 2910'15 the block pointed
to by .RP2) may be used by the called subroutines throughout
the entilre execution phase of an FSNAP_program; "

- The rel. ptr.'s .RP3 and .RP7 may behnsed globally, as well

as .RP1 between READ statements, by any called subroutine.
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FSNAP Compiled Code.Structure

Variables. - variébies-are‘given an eight-bit Qctal code .

101g - 2f78 which 1s used as a direct pointer

into the data biock which contains the valueé

of the variables.

.Dim. Variables - parenthesis; comma's . and plus and minus

signs are included in the compiled codé for

interpretation;

Numbers - numbers are defined by a zero byte followed.

by four bytes which determiqe,the two word

floating-point number.

Operators - code used for the operators is as follows:
+ 1.
- e
* 3

. y Y

U 5
- unary 6

Expressions - expressions are cohpiled in réverse polish

notation for ease of decoding during execution;
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. Functions - functions are given an octal code from 16
to 33 (presently) énd:are treated as "unary"

operatprs,Hufing-exécution.A

Function e . Octal Code

ABS . © 16 -
NEG . 17
SQR ., 20 .
'SIN S .
cgs . 22 '
TAN S 23
coT . .24
ATN . " 25
EXP 26
LGT | R
LgG 3 30
SGN | 31

i INT , 32
RND ‘ , 33

Examples

A=B : |

101 102 o

A=5%*B

101 000 101 320 000 000 102 003
A ‘ 5 B %
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A =.B(I+J-3,K)
R . 101 102 ‘050 103
géixf . A B (1
- . & = BXe+SIN(D)
301 102 103 003
N f.v' A B c f
~ © .
@?\ A = - (BtC)
© 101 102 103 o0l
A B C  +

.

053 104 055

+ J -

104 021 001

D SIN +

006

.
¢ .

300003

3 .

054 105 051

L. K. )

User Defined Functions - the reverse polish string for a

user defined function 1s copied directly into the compiled

object code using the octal code fourteen (14) to designate

a user function and the octal code fifteen (15) to designate

and argument. During executlon code 14 indicates that an

-argument 1s popped from the stack and saved, whille code 15

indicates that the saved argument 1s pushed onto the stack.

e.g. DEF CgSH(X) = (EXP(X) + EXP(-X))/2

A =B * cgsu(C)

A B C

. 200 101 100 000 000 004

101 102 103 014 015 026

fn.

arg EXP

\~___——f\/—-—__—’

2

£

/

arg. -

003

*

015 006 026 001
EXP +
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‘ ) ) .Mécros - macros are glven an dé@al code from 16 to 32

(presently) and occur as the first byte in a

‘E;\ . line of compiled code, -The macros- are as -
| ' | follows: . - e
Macro  Octal Code
S o STZP 16
f\ L FZR 17
' o  NEXT 20 i
'READ . 21
. ASK 22
TYPE 23
". - WRITE 24
/k RETURN 25
IF 26
R ;
; . GZSUB 30
' ’CALL 31
, -~ RESTZRE 32
. | DIM .not compilgd
"' : DATA not compiled
. DEF not ééxﬁpned

STgP 016



-
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"FAR I = 1,NM
017 106 060 100 300 - Q00 ooo 077 107 077
PR I T =' o N,
iio .073 ‘234 320 201 - ' e
M H ID - (CHPTR+100)

-~ the ID,CHPTR pair .points to the place in the object code

where the final value and the increment value of the loop

will bve stored, i.e. immediately following the correxponding

compiled NEXT_Statement.

NEXT I

020 106 377 377 377 377 37T 377 377 377

: NEXT‘,I final value increment

234 320 172
-ID (CHPTR+100)

-

- the ID,CHPTR pailr points to the next statement following

the corresponding FOR statement to which control will be

transferred if the loop conditions are satisfied.

READ A,B |

021 050 104 O77 105 O77

READ FBLK A B

- FBIX is a pointer to the file control block stored in the

data block pointed to by the user relocatable pointer .RP2.
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" ASK XIN
. o022 101 077

ASK XIN . - LT

- code TT 1is used as séparator between varlable names.

ToypE #. ! $3 #8.6 "IEXT" A*B

023 o43 oi1 o4l -003 0U5 OlO 006

.TYPE # ! $ 3 % 8 .6

oh2 124 105 13o 124 042 101 102 oo3 o717
n ¢ 'E.X T " A B *

WRITE - (15) #2,A

024 050 045 002 000 101 077

" 'WRITE FBIK % 2 .0 A

- FBLK is a pointer to the fille control blcek stored 1n the
data block pointed to by the user relocatable pointer .RP2.

RETURN 025 .

IF (A > B) ST@P
026 116 076 117 077 016

IF A > B ) ST@P

- code 077 marks end of expression in IF statement

- the codes used for the comparison operators are as

follows:
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< TH

- 1
) s ) _— )._. . . S
S . T2 '

= - T3

IF (A) 10,20,30 : : .
.026 101 077 160 050 205 160 050 223 160 050 235

WW\_—W

IF‘ A ) ID,CHPTR(lO) .ID, CHPTR(20)  ID,CHPTR(30)
- the ID,CHPTR pailrs are pointers to statements with state-

ment number labels 10, 20 and 30 respectively.’

' - the CHPTR has 100g added so that the code will not

interfere with a line feed code (0128).

ogrg 10 :

o27 215 020 122

S R ——

GgTg ID,CHPTR pair

GZSUB 20

030 215 020 156

G@SUB ID,CHPTR pair
CALL FSRAND (A)
031 055 001 101
P m—
CALL ID A
- the ID of the program segmeht, FSRAND is cOmpiled directly

into the code.

et
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v

&

L)

. 032 - 050

RESTﬁRE FBIK

- FBLK is a pointer to the file control block stored in
.the data block pointed to by the user relocatable pointer
_.RP2.

Note: ‘Ail compiled statements éfe ended with a semicolon
(0738) or a line-feed code (deé).depéndingdon whether the'v'
source code ends wilth a semlcolon or a 11ne—feed.

- if an error is detected ddring.oompilation phaso, the
object code 1is padded with tqn-(lb) error codes (3778)
and then two STﬂP codes (165)'

- nofmally only two STOP codes are appended to the

com\pi‘ile'd code. | ‘7% 1% /LMLWC——/

\

' MH-1352-HL-JER H. LYCKLAMA



