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HP 2100S Computerol] %3+ Alpha-Computer 2]

Program Assembly &

=3t Cross-Assembler o] [H3§

(A Cross-Assembler for Assembly of Programs for an

Alpha-Computer on a HP 2100S Computer)

Bt

&

(Hong, Ok Soo)

E

HP 2100 S
nicomputer 2} assembly language program-$-

T (execution) & Bf.o 2 16 8 code ¢} H(H object program &

#

1.

computer ¢ disc operating system & {3 ¥ cross-assembler + alpha-mi -
source AF1o 2 8+ o] alpha —computer ol k& &

ibhEE FEtsle] Ueth

Abstract

A cross - assembler for use with a HP 2100S computer using its disc operating system is de -

signed to accept an alpha —minicomputer’s assembly language program as a source input and

produces its equivalent object program in the form of hexadecimal for the alpha —computer,

LE ®

assembler = assembly language 8 24 prog -
ram & source AJJ 2.2 o]2] %{# object program |
B4& Bro 2% language processor2A4 2] HHES
7bA el cross—~assembler + --fi2] assembler®A
—f# assembler & BfEg 71x& A& oparpA ol v
source program 2 ¥ (process) € [H# com -
puter ol &3ty ZEfTEw Aol ofvizt H 32 com -
puter ol k3t EESIT 019 KK, F object pr-
agram & tHA) W9 computer o kst EITE 4
9l & & ¥ language processer (lranslator) ot}

cross — assembler & minicomputer & programming
#FE (tool) EAM AEZL wolria e HIME mi-
gicomputer & /4> (H&E) == &
e (processing capability ) ¥ programmingoll
EE = BB o IRt olel mduitkel mMEH
a9t

+ cross - assembler + —# HYH UNIVAC 1106
computer o} {&3ted A& EEi=lx, 4 HP 2100 S

peripheral

*EGE, FERTEHMRE SR
(Dept. of Electronice Engineering Gyeung-Gi
Tecn. college , Korean )

BZHF : 19794 58 148

€ AH7bekd, 4214 ORG,

computer?] disc operating system & #FHES BIiE
BH#Edl Zleitk. ol alpha- computer &) instruc —
tion set & ML= = 4EE2] alpha—source program

€ Ahe e wot 16 ## (hexadecimal )JEHES] %H(H

object program 22 1At

2. Alpha —assembly Language
assembly language < program writing & HfEo=
computre A code ®t machine address & i3l A
B3A 4 AxE R FiEelvh o] 2] source
program 2 operation code (mnemonic machine o -
peration code, OP code )2} pseudo code (assembly-
directing pseudo code, assembly directive )2 sym-
bolic addressing & HE& ##2 grh.  alpha-com-
puter 21 alpha-—assembly language + 177 opcode ¢}
10 937} 2] pseudo code (assembly directive )& 4.4
grh. ¥ 1 -2 alpha-source program?] ¥ #&
2o S}
source statement+ symbolic address field (la-
bel ), operation code field (opcode ), operand field
(operand ), 83 REEH S 2 comruent field (com-
ment )& #5%ch. o] program &
puter #] byte mode BifEe] & #jo] vl

alpha — com -
[BES ]
DATA, RES¥ END &

assembly directive E°ltt. ORG (origin)- program
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control instruciion £ 2 location counter © #& 3t
& &gtoh DATA ( DATA definition )+ prog -
ram ©| data & HAAA Frch RES (Reserve

storage ) = memory space & ##¥¥th. END(End
of assembly)< assembly ©| 527 (completion ) &
g®lch viex] instruction & R 5 computer @hfE

K¥XKXKSOURCE L INESHRKK

direct relative forward/backward, el @ indirect
post —indexed addressing%2] 8 ol 3 word mode
% byte mode addressing®) F#gatth o7 A in-
struction set %} addressing mode ol BEs}ed alale] o)
FEE AL EHOT glonE oL #HEe Ee
instruction ol ¥3}o4 o} hardware BHio| HEm =

NO LOCATION LAREL OPCODE OFERAND COMMENT
1 X  PROGRAM FOR CHECKING BYTE MODE
2 ¥  ADDRESSING.EXPECTLD RESULTS
3 X MAY EE S10KRED AS THE SAME
4 X MANNER A% THOSE OF THL IN RSL3
= 42 ORG  :002A
b 42 SEM
7 43 LDAR THL
g 44 STAR RSLT
k4 45 LDAR TRL+1

10 46 STAB RSLT+4

i1 47 LDAR TERL+2

14 48 STAR RSL.T+2

13 49 LDAR TRL+3

i4 3] STABR RS5L.T+3

i5 91 HLT

16 Y THRI. DATA :0102,:0304

17 >4 RGLY RES 2,0

i8 END

gl 1, dsbe B Zea(x7))

Fig, 1. An alpha-assembly language program.

& izl & object codez w9 w)ejo} & instruc -
tiono]et. A, SBM ( Set Byte Mode ) &byte
mode BIff 28 setdlets il Fo| s} S,
LDAB ( Load A Byte ) + symbolic address TBL
+ #A23 2 AF byte F register Ao} 8-LSB
2] flAel load Al 7let: b oR Fo| xcl  AA,
STAB (Store A Byte )& LDAB 2| #ii#sf22 2 sym-
bolic address RSLT% #zsled 2% Ays A=
byte ] el register A¢| 8- LSBE load A4l7|=k=
instruction 22 Fo] svlh spxjuto ® HLT (Holt )
+= processor control instructiono. @ processing &
HEehe b om Fo| xle}
3. Alpha - computer ©| Instruction Format

°] computer & program itz 16-bit word for —
mat¥ 177 fie] HA instrution& {5 $chinstruc-
tion-® memory ¥ register o} register ¥ register o]
data #%®), machine control , conditional jump,sin —
gle / double - register shift register change, 28 i
input /output instructione] 7 fie= Rkt
computer 7} Fifl13}+ addressing mode & direct
scratchpad (base page ), direct relative forward /
backward, direct indexed,indirect scratchpad, in -

kstzlet. 2% 2+ alpha- computer?] single me-
mory -reference instruction® ®e F3 gich op -
codew computer Eiffg& PiEst displacement =
operand®] A{rol BREE HBEE 1R, tag bits =
23 2% 3¢ BABESe] addressing mode & A4 &
o 715t ¥l E (bit )2 displacement (operand

part ) 248 HA (effective) address & sty
719"l & field® AAES bit#le MAle we 32
il opcode, 8 2] tag bits #14, 256 2] addres —
sable location o] Glggsict. Eps o] computer= di -
splacement gfol| IEMESIe] T tag bits HAE &
WE = 8fEel addressing mode® FASIT Yt 2

15 1413 121110 9 8 76 543210

BB OO

Opcode Tag bits Displacement

8 2. S FH Y v Ry g9 sAq
o} Z=Yo

Fig. 2. The machine code format for the
single memory reference instruction
of the alpha-computer,
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Addressing MMI
mode

1. 0o0o
2. 010
3. 100
4. 110
5. 001
6. 011
1. 101
8. 111

* AN

Word mode Byte mode

Y= (D) Words: 00— :FF = (D), Byte 00-:FF

Y= (D}+(P) +1 = (D}+(P) +1, Byte 0

Y= (D) +(X) (D)+ x)

Y= (P)—(D) =(D)+(P) +1,Byte 1

AP= (D), AP=(AP), Y= (AP) AP=(D), Y= (AP)

AP= (D)+(P) +1, AP= (AP), Y= (AP) AP=(D)+(P)+ 1, Y= (AP)
AP= (D),AP= (AP), Y= (AP) +(X) AP=(D), Y= (AP) + (X)
AP= (P)-(D), AP= (AP), Y= (AP) AP=(P) — (D) , Y= (AP)

. Hexadecimal identifier

P : Program lacation counter
AP : Address pointer

D: Displacement
X: Index register
Y: Effective address

8l 3 Edlxze F3 9y tag v Ee =& r7leg 8- 9z R
Fig. 3. The 8 possible addressing modes in accordance with tag bits for single ~memory
reference instructions,

ADD (ADDB) :8800

Scratchpad
(Base page )

« Direct mode
8800 (8800)

« Indirect mode
8900 (8900)

«» Indexed mode
8C00 (8C00)

—

Relative

Forward

8A00 ( 8A00 )

8B00 (8B00)

cone (sess)

- Indirect post - indexed mode

8D00 (8D00)

cave (sess)

Qut - of — range

Backward (‘Multi - level )

8E00 (8E00) 8900 (8900)

0000 (0000)

8F00 (8F00) 8900 (+e=+)

8000 (ee-e)

cvse (sene) 8D00 (8D00)

0000 (0000)

eeve (saes) 8D00 (~ee>s)

8000 (evee)

gl 4. ADD (ADDB) 939 47154
Fig, 4 Modification of the ADD (ADDB) instruction depending on addressing
mode and range.

"3 2929 H3 addressing modest PARE B
%) address & tl¥4-& 2o o 2194 ¥ 290
™ & addressing mode 2t HES =& ¥ A ADD
( ADDB) instruction ol ¥ instruction format ¢ &
A& B Frf,

o AR 6%

4. Cross — assembler & 38t
4.1 &
# cross -assembler+= alpha - source program-&
assemble &7 Béted HP 21005 computery] disc
operating system & /3t BB 2 -pass as -

738_
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sembler °| Ft. pass 1 # pass 2+ &%& 10635 1380
line®] fortran X2 #mIch %4 ¥ cross-as -
sembler 8] WIBEIQ] MM #tE& —# assembier
o 223 tisty] ke flowchart 2 RRstE &
# 1959 6 ¥ 2H 783 ok 223 £ pass
9 AEE 2t AN os9u2 oo A2
% g FE& A3 ste (overlapping ) LAqsw 2
Y92 103 ek
4.2 Cross—assemblero] % Alpha- sou-
rce programe] Syntax
¥ cross -assembler 7} A (recognize) @ 4 ¢
€ alpha -computer 2] source program-& 3 5ol A4
BA% 7He) YA instruction repertoire 3 w7
9] assembly directive®& @44 % 180 o instr-
uction®} 8 | A& addressing mede & 5 A8,
EXFS} £A(8A4, 1044, 16 A4) 41099
7He) #Bk ot ioHke) Ao 2 symbol Fi= ope-
rand expression & gk %),
source X2 19 1 o] 29l programz} o] label
field & ¥ 23le] comment fieldzx) o 44 field g
Va3t lebel field & source xo] & 6w 2] 2)
o field Ao A o] & FFe] tatpoe i ER]
A 6XF Y219 fields} %gg(blank) o)™ o sta-
tementi= label & @& %+ Hoe BWmsch
opcode field= sourcesre] # 8 HA columnel} A &4
fE3te AEMye 2 F#%¥ mnemonic opcode & aa
B it B 2 o) 4ol e (k3o o field 9|
# T (termination ) 7} &9 t}. operand field & op-
code field t}-go] o= o fielde) syntax: BE B
source3r9| instruction ol we} ch=coh. wrok
operand field>} F# = (arithmetic expression) &
Basd o]+ olg expression termZ o) oL &}
2 B mreesio
» 1 symbol($) .- B location counter ¢ g+
& vepdch
» symbolic term .--... X7 BFe MHae
2 BEEE 6XF BE
o] EWIFE b
« Tumeric term ------ 844, 1034 16 A4
o] MEHMEES el
< IHel e e He| A& symbolic te-
rm, numeric term, curr-
ency($) symbol o9 &
HF2 amdaxt +u
-2 K&K 2HARA dk
&k

- single character string. 3tu}a] asciiwse
EXF BT BEXTFE
LaY 5+ Uk
operand fielde] Xf operand: NFR HVES
€ identifiero] {gs}e] = pLE MRS 84S o
o] &ul® identifier>} xrsols symbolic termej
Wmtro g Ram=o), $symbolo)s # location cou-
ntere] gh-& % (assigne)siele {Sike Fo| =<}
E & identifier 7} %ko}w address pointerel] {3}
indirect addressing, ©o]w indexed addressing,
k©@o|= post-indexed addressing,: o] hexade -
cimal term, Qo] octal term, (-9 o] sl decim-
al termube]e] phfrolete (SHE2 Bamse. R 3§/
Bl v -7 BEEW B operand express -
lone} 2| HrEEHE (5 Fol Ao} 21y
A4 o) @M=l operand § Telx| gt inst-
ructione] A} ®i= AL AR sourcexy o2 <}
BEE o ool BiBtY opcodeo] Ty {7} tab-
le look-up routinex} BgEHs}od check ¥ :1, source
X #o 7t BIEs = A 44 assembler diagnostics
7t B
4. 3 Assemble @8
assemble i@f2& 2 — pass BfE wr} pass e
FEH+ source & scanstw A symbol table g -
F3& ol pass 2+ pass | o] 4 &8 symbol
table & #x (table look —up routine)sfed 8 2) 4
(octal), 10 A 4(decimal), 28z 16 ] 4~ (hexa -
decimal ) Efe 2 %B¥ SMEMM S 5 (object )progr-
am& A7) delok ojm pass | 3} pass 2 i
#-& HP 2100S computer o] working areajoll A4 g
Bee @SR ¥ assemble iBEE Hstd g
%l programg o]e] symbol tablem object code ¢}
A aAEE 29 11~133 »oh. 29139 2
& object code ¢ 4§ ste]zich
% passo] % routine-g& ¥ & (category) W g
Exyst;
*pass] k) F Fe&l(main routine)
%) &4} F-&l(scan routine)
%) 32X Fel(table look -up rou-
tine)
k) ¥4 2% (convert routine)
spass 2 k) F FEl(main routine)
%) FA F&l(scan routine)
*) %% ¥Fel(table look~up rou-
tine)
*) %# Tl (convert routine)
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1979% 7R BFLBEE #1648 F3IRK

%) ojA4l & FE&l(assemble routine)
olch. o]& routine & w- FHEE A AL
scan routine ¢|r}, &b o]& routined HHEKHIS
2 --fi¢ assemblere] ZAs} M J4} o E4o] s}ER
dalo] RUASIE A& HESIIE *roh 38 scan
routine ¢| algoritbm-& A&+ 29 14 ¢ e}

T ® cross - assembler &= alpha -computer €]
instruction #} hardware Aol JERESt HEH =
0B R {F&°] instruction 08 F& 5= o]2]sou-
rce program-2 memory 4 0~ 16 K (16384 )¢
o] . il A &) assemble uffj£3t. 2 object codeE
%} alpha ~ computer ] o] ¥ ¢} memory kK o=
Fo &R load 5|0 EiT(execute)d 4 Aok &
cross -assembler = gk 250 2] symbol namex}
500line ¢} alpha-source x& HP 21005 compu-
ter o] working areaiNoll (#HE 5 Utk

4. 4 Discoj data 4+

2 cross assembler= o]¢] assembly routine &
#HHEA st $)sted F program# Hlg 2 disc
ol BB 2 7H=] o] routine & EABIH L ol &
2 assemblyo] ¢4 ¥ cross -assemblerz} pEE
&= data source & discol] PiGAlAH SAEHeloh
Hatd EHES 317 f3 datasy-§ /¢ rout -
ine-gojr}. o] & routined] {kéle] discol] F#H
data file-& Z 13 o] BHXIch & MR disc o
opcode table & %% 37 £3% <l¥] routineg £
sl 29 159 %ot

Sectors S pecifications ‘File Names
1. Fixed data for the assem-
bier

3 Mnemonic opcode instructions ICDTB
including directives (Opcode
table)

2 Opcode binary equivalent OPVAL
decimal numbers (Opcode val -
ue table)

2 (eachy Mode and instruction classif - KWBVL
ying information table and KSDVL
2. Data passed from pass 1
to pass 2

4 Symbol table SYMTB
3. End result of pass 2

8 Generated machine code table CDTAB

Z 1 odg-Eed et sds 33
Table 1. Required data files for the assembler.

0001 FTN

0002 PROGRAM XYZA

0003 INTEGER ICD(384), IFILN(3),IC(4)

0004 DATA IFILN,2HIC, 2HDT, 2HB

0005 CALL EXEC(14, 3, ICD, 384. IFILN,
o

0006 DO 21=1, 177

0007 WRITE ( 1. 3)1I

0008| 3 |FORMAT (»CODE~, 13, »2#)

0009 READ(1,4) (IC()]=1.4)

0010| 4 |FORMATH{AD

0011 H=1+1

0012 ICD(1I-1) = IAND(IC(1),177400B)
+IAND (255, IC(2) / 256)

0013 2 |ICD(II) = IAND(IC(3), 177400B) +
IAND (1 255,IC(4),7 256 )

0014 CALL EXEC (15, 3, ICD, 384, IFI-
LN, 0)

0015 END

0016 END §

)%k k LIST END sk sk k%
38 15, 224 4B E Hsld Haza4 Op -
code sl o| B-& )57 & =2ad,
Fig.15. A programfor establishing Opcode
table file on disc for the cross -
assembler,

4.5 Program Assembling

ulzn} o & alpha -source program-& assemble
e ohg KR @& 5 UESE stk

1) HP 2100S computers] VDU keyboard & &
3}od alpha -source program (assembly program )&
key inA]# o 2 disce)] alpha-source file-& #£ii%
(create)dtc}. : ST, S, file name, 1)

2) disco| A cross - assembler pass [(AP 1) &
Fiile] S04l pass 12] el-g o]l (PR,
AP 1)

olm| computer &= ¢4 discol] Ptz alpna—so
urce filegg VDUo| key in Al#H 578 Ekgc}
= #»SOURCE NAME ¢ ».

aeH whe3d sl file name-& key ind) 9
ek

3) disc o] A cross - assem bler pass 2(AP )&
FEi 8ol Foo4] pass2 o] #¢l& o] &t (PR,

_47.,



HP 2100 S Computer ol {&% Alpha-Computer ¢| Program Assembly & £53F Cross— Assembler o] pggg

AP 2).

4) =keF alpha ~source programe] source sta-
tement & ELH A= dod) editiged FAI
o] -—f¢ program editz} e FHixE 3 Fch.(: ED,
filename, 1)

5 W

- cross -assembler+ alpha - source program-g
assemble s} EiEl A Hp 2100 S computer ¢] fi-
le handlingZx % o 2 7t= 24L FPslGeh

1) CALL EXEC function o] it A o= disc
memory & Ao FAE e HP2100S co-
mputer | ¥ memory -2 HEM oA sta ass-—
embling & EEHIs}= ¥ cross-assembler o] source
X #E TF 243 & 4 Ak
(2999 254 lines} =27 102
2915 &%)

2) edit function-g alpha-source 3o 3-8 &

13674 line %

F sto} pkpultt Szba o n source o] {EIE-E
gAYk
3) typeless expression®} #T AND M4sg

Fifstel = packing ¥} unpacking &) 2] 38 i1
Adted 4] memory #-& % o)1 assembling rou-
tine-g &4 ztwts} sich (2™ 92 30, 314 line

= 23 109 23, 24 line 2 2915 #=2)

e} ¥ cross-assembler& 377} wojsla =
& we Mol FHo® s}F Biff memory page 2
Hr BEHEe WX (reference )2 K3 base
page overflow & #sesle] compiling Rgee H$¢=
AR o} o= sourcexx o] 43} HEN-E @3t
SEIRsH A e

g & X 53

1. Alpha LSI-2 Manual, COMPUTER AUTOM-
ATION INC.

2. INTRODUCTION TO COMPUTER SCIEN-
CE. Harry Katzan, Jr., Mason, Charter Pu-
blishers Inc. 1975.
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10.

11.

12

13.

14.

MICROPROCESSORS & MICROCOMPU-
TERS . Branko Soucek. A Wiley- Interscie~
nce Publication, John Wiley & Sons. 1976.

. DESIGN OF DIGITAL SYSTEMS. P.C.

Pittman. BSc. Cambridge University Press.
1974 .

. COMPUTER ORGANIZ ATION & PROG-

RAMMING. C. William Gear. Mc¢ Graw -
Hill, 1974.

. SYSTEMS PROGRAMMING. John J. Donovan

McGraw-Hill, 1972.

. ADVANCED PROGRAMMING (PROGRAM -

MING & OPERATING SYSTEMS).Harry
Karry Katzan, Jr., 1970.

AN INTRODUCTION TO COMPUTER LA-
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INTRODUCTION TO ELECTRONIC COM-
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FORTRAN TRECHNIQUES WITH SPEC -
[AL REFERENCE TO NONNUMERICAL
APPLICATIONS. A. Colin Day. Cambridge
University Press, 1972.

COMPUTER HARDWARE & SOFTWARE(AN
INTERDISCIPLINARY INTRODUCTION).
Marshall D. Abrams & Philip G.Stein. Add -
ison - Wesley Publishing Company, 1973.
PRINCIPLES OF DIGITAL COMPUTER
DESIGN (Volume 1). ABD-Elfattah M.AB-
D-Alla. Arnold C.Meltzer. Prentice- Hall
Inc., 1976.

THE DESIGN OF DIGITAL SYSTENS.
John B. Peatman. McGraw-Hill, 1972.

— 48,



