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 A transesterification catalyst

Kheirabadi, M., Çelebi-Ölçüm, N., Parker, M. F. L., Zhao, Q., 
Kiss, G., Houk, K. N., and Schafmeister, C. E., JACS 134, 
(2012): 18345–18353. doi:10.1021/ja3069648, 



Low MW Catalysts, in situ Cleavage, 
Advanced Glycation End products
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I need an oracle to help me design molecules
Requirements  
of a functional

molecule

Sequence of
the molecule

CANDO: Computer Aided 
Nanostructure Design and 

Optimization



Software to Design Molecules

Evolutionary
molecular design

Mutate
molecule

Build
structureScore

structure

Starting
molecule

Specialized software with
 tightly coupled functions

in the same processor 



CANDO: A Molecular Design Environment

❖ CANDO: Computer Aided 
Nanostructure Design and Optimization

❖ Extends Clasp with chemistry

❖ C++ interoperation - Use C++ Libraries

❖ LLVM backend - generate fast,  
cache-aware, native code

CANDO

Clasp: Common Lisp

C++ and LLVM-IR



How Cando came to be
• Wrote 500,000 LOC C++ chemistry library 

• Used boost::python to expose it to Python 

• Keeping C++/Python working == Headache! 

• Implemented a simple lisp* interpreter in C++ 

• Added “clbind” & exposed chemistry to lisp*



Expose C++ to Common Lisp
CL_LISPIFY_NAME(CreateLandingPad); 
CL_EXTERN_DEFMETHOD(IRBuilder_O, &llvm::IRBuilder::CreateLandingPad);

CL_LISPIFY_NAME(addClause); 
CL_EXTERN_DEFMETHOD(LandingPadInst_O, 
&llvm::LandingPadInst::addClause);

core::externalClass_<IRBuilder_O>() 
    .def(core::magic_name("LLVM-SYS:CreateLandingPad"), 
                                   &llvm::IRBuilder::CreateLandingPad,””,”");

core::externalClass_<LandingPadInst_O>() 
    .def(core::magic_name("LLVM-SYS:addClause"), 
                                   &llvm::LandingPadInst::addClause,””,””);

(defun irc-generate-unwind-protect-landing-pad-code () 
      (let* ((landpad (llvm-sys:create-landing-pad *irbuilder* %exception-struct% 1))) 
        (llvm-sys:add-clause landpad (llvm-sys:constant-pointer-null-get %i8*%))))



Why Common Lisp
Macros and compile-time computing.

Closures and first class functions, optional typing, correct 
implementation of lexical scope, dynamically scoped 
variables, a meta-object protocol, conditions & restarts, a 
compiler that is available for customization, multiple value 
returns, symbols, union types, control when functions are 
run at compile time, load time or run time, a programmable 
reader, bignums, rationals, complex numbers and bit 
vectors built in, specialized array types, automatic memory 
management, community of programmers and libraries. 

Language standard that is timeless.



Pereira, R., Couto, M., Ribeiro, F., Rua, R., Cunha, J., Fernandes, J. P., & Saraiva, J. (2017). Energy efficiency across programming languages: how do energy, time, and memory 
relate? (pp. 256–267). Presented at the the 10th ACM SIGPLAN International Conference, New York, New York, USA: ACM Press. http://doi.org/10.1145/3136014.3136031



Pass 21,265 of 21,734 (97.8%)  
of ansi tests for Common Lisp



LLVM: A need for speed
• LLVM 3.4  -> 6.0 (chasing the                  ) 

• Keep up to date - it’s not hard and it’s best. 

• Kaleidoscope demo was very helpful. 

• Exposed LLVM C++ API 907 symbols total,  
100 llvm classes, 423 llvm functions/methods. 

• Common Lisp requires a new AST and HIR. 

• Cleavir (Robert Strandh, Alex Wood)  
- cutting edge dynamic language compiler.



   1 (clasp-cleavir:cleavir-compile
   2  'foo
   3  '(lambda (x y)
   4     (intrinsic-call "wrapped_add_mod8" x y))
   5  :debug t)

LLVM-IR

AST

HIR

Cleavir: Sea of Nodes Compiler



LLVM-IR from  
Generic Functions

;; Test for tagged character
(defmethod translate-branch-instruction
    ((instruction cc-mir:characterp-instruction) return-value
     inputs outputs successors (abi abi-x86-64) function-info)
  (let* ((value   (%load (first inputs)))
         (tag     (%and (%ptrtoint value cmp:%uintptr_t%)
                        (%uintptr_t cmp:+immediate-mask+) "character-tag-only"))
         (cmp (%icmp-eq tag (%uintptr_t cmp:+character-tag+))))
    (%cond-br cmp (first successors) (second successors) :likely-true t)))

;; Test for tagged single-float
(defmethod translate-branch-instruction
    ((instruction cc-mir:single-float-p-instruction) return-value
     inputs outputs successors (abi abi-x86-64) function-info)
  (let* ((value   (%load (first inputs)))
         (tag     (%and (%ptrtoint value cmp:%uintptr_t%)
                  (%uintptr_t cmp:+immediate-mask+) "single-float-tag-only"))
         (cmp     (%icmp-eq tag (%uintptr_t cmp:+single-float-tag+))))
    (%cond-br cmp (first successors) (second successors) :likely-true t)))

(abi gpu)

(abi gpu)
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Maxima  
(Common 

Lisp)

GPU Kernels in a subset of Common Lisp

AMBER 
force field

Cleavir
Math

GPU



ASTMatcher & Compacting GC
• Cando uses Memory Pool System GC or Boehm GC 

• Inspired by Chandler Carruth’s talk on ASTMatcher  

• Exposed 273 Clang classes(AST) & ASTMatcher 

• Static analyzer analyzes 381 C++ source files 

• Identifies 1,167 pointers in 743 C++ classes

{ class_kind, STAMP_core__Cons_O, sizeof(core::Cons_O), 0, "core::Cons_O" }, 
   { fixed_field, SMART_PTR_OFFSET, sizeof(gctools::smart_ptr<core::T_O>), 
       offsetof(SAFE_TYPE_MACRO(core::Cons_O),_Car), "_Car" }, 
{ fixed_field, SMART_PTR_OFFSET, sizeof(gctools::smart_ptr<core::T_O>), 
       offsetof(SAFE_TYPE_MACRO(core::Cons_O),_Cdr), "_Cdr" }, 

class Cons_O : public T_O {
   // ...
    T_sp _Car;
    T_sp _Cdr;



Really want 
access to  

DWARF from 
Cando runtime



C++

C++

CL

CL

Expression-level Debug Info

Thanks  
Eric Christopher



Link Time Optimization 
and LLVM toolchain compatible

(defun mul-add (x y z) 
     (+ (* x y) z))

Common Lisp code

LLVM-IR

Thanks 
Mehdi Amini! Optimized machine code

C++ code
int add( int x, int y)
{ return x + y; };

LTO



Other Features
• Clasp’s JIT uses ORC (thanks Lang Hames) 

• expressions  

• generic function dispatchers 

• Multithreaded using pthreads 

• Unwinding uses C++ exceptions (thanks Eric Christopher) 

• Intrinsics written in C++, inlined into CL code 

• Profile Common Lisp, C++ and C together



(core:with-dtrace-trigger (:= *pdb* (load-pdb "2zff_fixed.pdb")))





ORC

SelectionDAGISel





– Sam Gellman

CANDO

Computer 
Aided 

Nanostructure 
Design and 
Optimization

Jupyterlab



LLVM community  
and #llvm members

Thank you!

Cry for help! 
Calling conventions 
DebugInfo access



Clasp & Cando: What, How, Where?
❖ macOS, Linux

github.com/drmeister/cando

github.com/clasp-developers/clasp

http://github.com/drmeister/cando
http://github.com/drmeister/clasp

