cmsl12.3004.4. UNNING OSY cmr12.300 37 Normally cmti12.300 osy cmr12.300 prin ts the name of eac op eration, error, or yp as it orks. The ‘- cmtt12.300cmr12.300switc disables this eha vior. The ‘- pepsy cmr12.300cmtt12.300 switc tells cmti12.300 osy cmr12.300 that ou will using cmti12.300 epsy cmr12.300 rather than cmti12.300osy cmr12.300The cmti12.300 epsy cmr12.300 program is dscrib ed in Chapter starting on page 88. cmbx10.4324.4.2 Mak e�les cmr12.300By con en tion, input �les to cmti12.300 osy cmr12.300 ha the extension cmtt12.300 .ry cmr12.300

Consider the �le cmtt12.300 module.ry cmr12.300 whic de�nes the mo dule cmtt12.300 MODULE cmr12.300

The name of the abstract syn tax mo dule pro duced cmti12.300 osy cmr12.300 is normally deriv ed from the name of the input �le, using an extension of cmtt12.300 .py cmr12.300

The name of the cmti12.300 cmr12.300language stub �les is deriv ed from the name of the mo dule de�ned in the input �le. Hence cmtt12.300rosy module.ry cmr12.300will pro duce: cmtt12.300module.py cmbx12.300 cmr12.300 the abstract syn tax mo dule; cmtt12.300MODULE-ops.h cmbx12.300 cmr12.300 op eration de�nitions and stubs; cmtt12.300MODULE-ops.c cmbx12.300 cmr12.300 data structures for cmti12.300 libr osy cmr12.300 (3n); and, cmtt12.300MODULE-stubs.c cmbx12.300 cmr12.300 stub de�nitions for cmti12.300 lint cmr12.300 (1) In tuitiv ely one ould susp ect that the the rules for cmti12.300 make cmr12.300 (1) should tak adv an tage of the cmtt12.300 .ry cmr12.300 and cmtt12.300 .py cmr12.300 su�x relationship for rule lik e: cmtt10.329.ry.py:; rosy $(RYFLAGS) $< cmr12.300or reasons explained later on (in Section 5.4.2 on page 53), it is adv an tageous to use more complicated set of rules: cmtt10.329MODULE-asn.py: module.ry rosy $(RYFLAGS) -o $@ module.ry MODULE-ops.c: module.ry MODULE-ops.h: module.ry MODULE-stubs.c: module.ry cmr12.30038 cmsl12.300 CHAPTER 4. REMOTE OPERA TIONS STUB-GENERA TOR cmr12.300Usually cmtt12.300 RYFLAGS cmr12.300 is empt In our particular discipline, will generate sets of �les: one for the in ok er and the other for the erformer. cmtt10.329MODULE-Rops.o: MODULE-ops.c MODULE-ops.h $(CC) $(CFLAGS) -DPERFORMER -c MODULE-ops.c mv MODULE-ops.o $@ MODULE-Iops.o: MODULE-ops.c MODULE-ops.h $(CC) $(CFLAGS) -DINVOKER -c MODULE-ops.c mv MODULE-ops.o $@ cmbx10.4324.4.3 Grinding cmr12.300Figure 6.7 on page 79 of cmti12.300 olume One cmr12.300 con tains an en try for the cmti12.300 vgrindefs cmr12.300 (5) �le, whic ma used the cmti12.300 vgrind cmr12.300 (1) or cmti12.300 tgrind cmr12.300 (1) facilit cmbx10.746Chapter ep Optional Structure-Generator cmr12.300The cmti12.300 osy cmr12.300 (1) program is compiler for sp eci�cations of abstract syn taxes. or those in terested in trivia, cmti12.300 osy cmr12.300 stands for ep ptional tructure- generator CC-based). The cmti12.300 epy cmr12.300 (1) program is an ASN.1 compiler, and the cmti12.300 yac cmr12.300 (1) program, of course, is compiler-compiler. cmbx10.5185.1 Abstract Syn tax Mo dule cmr12.300The cmti12.300 osy cmr12.300 program reads description of an cmti12.300 abstr act syntax mo dule cmr12.300 and pro- duces the corresp onding cmti12.300 cmr12.300 structures along with an augmen ted abstract syn tax mo dule. The syn tax of the input �le corresp onds almost exactly to the notation describ ed in ISO87 CCI88c ]. (But see Section 5.3 on page 52 for the details.) As the ASN.1 language is ric in its notation, the rules are not presen ted herein, though Section 6.2.1 on page 60 of cmti12.300 olume One cmr12.300 presen ts an incomplete treatmen of the less substan tiv asp ects of the language. An example of complete abstract syn tax mo dule can found in Fig- ure 5.1 starting on page 42. This corresp onds to the output pro duced cmti12.300osy cmr12.300 (1) when giv en the remote op erations mo dule in Figure 4.1 as input. or our purp oses, the input �le is relativ ely unimp ortan as it is usually generated the cmti12.300 osy cmr12.300 program. Hence, the output from cmti12.300 osy cmr12.300 is where this hapter fo cuses. 39 cmr12.30040 cmsl12.300 CHAPTER 5. PEPY OPTIONAL STR UCTURE-GENERA TOR cmsy10.329� cmti10.329 automatic al ly gener ate by osy 3.1 #15 (kil ler cmsy10.329 cmti10.329 at), do not dit! cmr10.329IMA GE cmbx10.329 DEFINITIONS cmr10.329 ::= cmbx10.329BEGIN cmr10.329Initialize cmsy10.329

INV cmr10.329 ::= cmbx10.329SEQUENCE cmsy10.329 cmr10.329prop osed[0] cmbx10.329IMPLICIT cmr10.329 ersion cmr7.300 10 cmbx10.329DEF UL cmsy10.329 cmr10.329 ersion cmsy10.329 cmr10.329 cmsy10.329 cmr10.329Initialize cmsy10.329

RSP cmr10.329 ::= cmbx10.329SEQUENCE cmsy10.329 cmr10.329negotiated[0] cmbx10.329IMPLICIT cmr10.329 ersion cmbx10.329OPTIONAL cmsy10.329cmr7.30020 cmr10.329ersionsSupp orted ::= cmbx10.329SEQUENCE cmsy10.329 cmr10.329supp orted[0] cmbx10.329IMPLICIT cmr10.329 ersion cmsy10.329cmr10.329ersion ::= cmbx10.329BIT STRING cmsy10.329 cmr10.329ersion cmsy10.329

1(0) cmsy10.329cmr10.329 cmr7.300 30 cmr10.329ReadImage cmsy10.329

INV cmr10.329 ::= cmbx10.329SEQUENCE cmsy10.329 cmbx10.329SEQUENCE OF CHOICE cmsy10.329 cmr10.329�le cmsy10.329 name[0] cmbx10.329IMPLICIT cmr10.329 Filename, cmsl12.3005.1. ABSTRA CT SYNT AX MODULE cmr12.300 41 cmr10.329mail cmsy10.329 address[1] cmbx10.329IMPLICIT cmr10.329 Mail cmsy10.329

Address cmr7.300 40 cmsy10.329cmr10.329 cmr10.329 cmbx10.329SEQUENCE cmr10.329 OF cmr10.329ormat cmsy10.329cmr10.329ReadImage cmsy10.329

RSP cmr10.329 ::= cmbx10.329SEQUENCE cmsy10.329 cmbx10.329CHOICE cmsy10.329 cmr10.329cmsy10.329 windo ws cmr7.300 50 cmr10.329cmr10.329 cmsy10.329

Windo cmr10.329 ws cmsy10.329

Bitmap cmsy10.329cmr10.329 cmr10.329ormatsSupp orted ::= cmbx10.329SEQUENCE cmsy10.329 cmr10.329supp orted[0] cmbx10.329IMPLICIT cmr10.329 ormat cmsy10.329cmr7.30060 cmr10.329ormat ::= cmbx10.329BIT STRING cmsy10.329 cmr10.329cmsy10.329 windo cmr10.329 ws cmsy10.329 bitmap(0) cmsy10.329cmr10.329 cmr10.329Filename ::= APPLICA cmbx10.329 TION cmr10.329 1] cmbx10.329IMPLICIT cmr10.329 GraphicString Mail cmsy10.329

Address cmr10.329 ::= cmr7.300 70 cmr10.329APPLICA cmbx10.329 TION cmr10.329 2] cmbx10.329IMPLICIT SEQUENCE cmsy10.329 cmr10.329lo cal[0] cmbx10.329IMPLICIT cmr10.329 GraphicString, domain[1] cmbx10.329IMPLICIT cmr10.329 GraphicString, cmr12.30042 cmsl12.300 CHAPTER 5. PEPY OPTIONAL STR UCTURE-GENERA TOR cmr10.329options[2] cmbx10.329IMPLICIT BIT STRING cmsy10.329 cmr7.300 80 cmr10.329default cmsy10.329 lo cmr10.329 cal(0), default cmsy10.329 host(1) cmsy10.329cmr10.329 cmbx10.329DEF UL cmsy10.329 cmr10.329 default cmsy10.329 lo cmr10.329 cal, default cmsy10.329 host cmsy10.329 cmr10.329 cmr10.329cmsy10.329

Windo ws cmsy10.329

Bitmap cmr10.329 ::= cmr10.329APPLICA cmbx10.329 TION cmr10.329 100] cmbx10.329IMPLICIT SET cmsy10.329 cmr10.329width[0] cmr7.300 90 cmbx10.329IMPLICIT INTEGER cmr10.329 heigh t[1] cmbx10.329IMPLICIT INTEGER cmr10.329 hot cmsy10.329 sp cmr10.329 ot cmsy10.329 x[2] cmbx10.329IMPLICIT cmr10.329 INTEGER DEF UL cmsy10.329 1, cmr10.329hot cmsy10.329 sp cmr10.329 ot cmsy10.329 y[3] cmr7.300 100 cmbx10.329IMPLICIT cmr10.329 INTEGER DEF UL cmsy10.329 1, cmr10.329data[4] cmbx10.329IMPLICIT OCTET STRING cmsy10.329cmbx10.329END cmr12.300Figure 5.1: Example of an Abstract Syn tax Mo dule cmsl12.3005.2. POSY ENVIR ONMENT cmr12.300 43 cmbx10.5185.2 POSY En vironmen cmr12.300The cmti12.300 osy cmr12.300 program will pro duce �les after reading its abstract syn tax mo dule. cmbx10.4325.2.1 Language Structures cmr12.300or eac yp in the abstract syn tax mo dule, cmti12.300 osy cmr12.300 will de�ne corresp onding cmti12.300cmr12.300 language structure struct ). cmr12.300The cmtt12.300 rules that cmti12.300 osy cmr12.300 uses to generate the structures are fairly simple: cmtt12.300BOOLEAN cmbx12.300 cmr12.300 represen ted as cmtt12.300 char cmr12.300 cmtt12.300INTEGER cmbx12.300 cmr12.300 represen ted as an cmtt12.300 int cmr12.300

If the cmtt12.300 INTEGER cmr12.300 yp has list of tagged alues, then for eac alue: cmtt10.329#define int_MODULE_TYPE_TAG value cmr12.300as in: cmtt10.329#define int_IMAGE_IntList_zero cmtt12.300BIT STRING cmbx12.300 cmr12.300 represen ted as cmtt12.300 struct PElement cmr12.300 (these are describ ed in Section 5.4.5 of cmti12.300 olume One ). cmr12.300 If the cmtt12.300 BIT STRING cmr12.300 yp has list of tagged bits, then for eac bit: cmtt10.329#define bit_MODULE_TYPE_TAG value cmr12.300as in: cmtt10.329#define bit_IMAGE_Version_version__1 cmr12.300In addition, one other de�nition is presen t: cmtt10.329#define bits_MODULE_TYPE string cmr12.300as in: cmtt10.329#define bits_IMAGE_Version "\020\01version-1" cmtt12.300OCTET STRING cmbx12.300 cmr12.300 represen ted as cmtt12.300 struct qbuf cmr12.300 (these are describ ed in Section 5.4.4 of cmti12.300 olume One cmr12.300 and Section 4.3.2 of cmti12.300 olume Two ). cmr12.30044 cmsl12.300 CHAPTER 5. PEPY OPTIONAL STR UCTURE-GENERA TOR cmtt12.300REAL cmbx12.300 cmr12.300 represen ted as cmtt12.300 double cmr12.300 cmtt12.300NULL cmbx12.300 cmr12.300 represen ted as cmtt12.300 char cmr12.300 cmtt12.300SEQUENCE cmbx12.300

SET cmbx12.300

ANY cmbx12.300 cmr12.300 represen cmtt12.300 ted cmtt12.300 as cmtt12.300 struct PElement cmr12.300 (whic are de- scrib ed throughout Chapter of cmti12.300 olume One ). cmr12.300 This format is used for those cmtt12.300 SEQUENCE cmr12.300 or cmtt12.300 SET cmr12.300 whic con tain no elemen ts. cmtt12.300SEQUENCE OF cmbx12.300

SET cmtt12.300 OF cmbx12.300 cmr12.300 default, represen ted as cmtt12.300 struct cmr12.300 with elemen ts, link ed-list. The �rst elemen is the yp for set or sequence, the second elemen is oin ter to another instance of the structure. or example: cmtt10.329SEQUENCE OF Format cmr12.300migh translated as: cmtt10.329struct element_IMAGE_4 struct type_IMAGE_Format *Format; struct element_IMAGE_4 *next; }; cmr12.300By using the ‘- h2 cmr12.300 cmtt12.300 option (describ ed elo w), an arra structure can generated instead. cmtt12.300SEQUENCE cmbx12.300

SET cmbx12.300 cmr12.300 represen cmtt12.300 ted as simple cmtt12.300 struct cmr12.300 with an elemen for eac mem er. or example: cmtt10.329Mail-Address ::= SEQUENCE local[0] IMPLICIT GraphicString, domain[1] IMPLICIT GraphicString, options[2] IMPLICIT BITSTRING cmsl12.3005.2. POSY ENVIR ONMENT cmr12.300 45 migh translated as: cmtt10.329struct type_IMAGE_Mail__Address struct type_UNIV_GraphicString *local; struct type_UNIV_GraphicString *domain; PE options; }; cmtt12.300CHOICE cmbx12.300 cmr12.300 represen ted as cmtt12.300 struct cmr12.300 con taining an cmtt12.300 int cmr12.300 and cmtt12.300 union cmr12.300 cmtt10.329CHOICE file-name[0] IMPLICIT Filename, mail-address[1] IMPLICIT Mail-Address cmr12.300migh translated as: cmtt10.329struct choice_IMAGE_0 int offset; #define choice_IMAGE_0_file__name #define choice_IMAGE_0_mail__address union struct type_IMAGE_Filename *file__name; struct type_IMAGE_Mail__Address *mail__address; un; }; cmtt12.300OBJECT IDENTIFIER cmbx12.300 cmr12.300 represen ted as cmtt12.300 struct OIDentifier cmr12.300 (these are describ ed in Section 5.4.6 of cmti12.300 olume One ). cmtt12.300MODULE.TYPE cmbx12.300 cmr12.300 represen ted cmr12.300 as oin ter to cmtt12.300 struct type_MODULE_TYPE cmr12.300

Although these rules migh seem complicated, in oin of fact they are actually ery straigh t-forw ard and regular. The easiest to gain famil- iarit with them is to run some abstract syn tax mo dules through cmti12.300 osy cmr12.300 and cmr12.30046 cmsl12.300 CHAPTER 5. PEPY OPTIONAL STR UCTURE-GENERA TOR cmr12.300then view the resulting de�nitions. Figure 5.2 starting on page 51 presen ts the cmti12.300 cmr12.300 language structures corresp onding to the abstract syn tax mo dule in Figure 5.1. cmbx12.300Con trolling the names that POSY generates cmr12.300One of the least friendly asp ects of cmti12.300 osy cmr12.300 is the algorithm it uses for ho osing the names of cmti12.300 cmr12.300 language structures eing generated. The rules for ho osing some names are �xed, i.e., the top-lev el name generated for an ASN.1 yp cannot hanged. Ho ev er, the names used for the parts of the cmtt12.300 struct cmr12.300 generated cmti12.300 osy cmr12.300 can con trolled to an exten using either (or oth) of tec hniques. The �rst metho tak es adv an tage of the observ ation that cmti12.300 osy cmr12.300 uses com- men tary tags in the ASN.1 de�nition, whenev er ossible, as ariable names. revisit an earlier example: cmtt10.329Mail-Address ::= SEQUENCE local[0] IMPLICIT GraphicString, domain[1] IMPLICIT GraphicString, options[2] IMPLICIT BITSTRING cmr12.300migh translated as: cmtt10.329struct type_IMAGE_Mail__Address struct type_UNIV_GraphicString *local; struct type_UNIV_GraphicString *domain; PE options; }; cmr12.300In eac case, the names of the ariables (e.g., cmtt12.300 local cmr12.300 ere tak en from the commen tary tag. Note that if no tag is presen t, cmti12.300 osy cmr12.300 ust ho ose name in di�eren fashion. Hence, the �rst lev el of con trol is to simply add short,